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1.0 INTRODUCTION

As part of the remedial design for the Industrial Excess Landfill (IEL) in Uniontown,
Ohio, design studies are being conducted to supplement the data collected during the remedial
investigation (U.S.EPA, 1988). As part of these design studies, in response to public concern that
low-level radioactive waste was potentially disposed of at IEL, the U.S. Environmental Protection
Agency (EPA) has included sampling for radioactive compounds in the ground-water monitoring
program for the site. These sampleszwill-be:analyzed:for-alphaxzbetayand:gammazemitting
radioactivetisotopes . ctritium:zandscarbon=14s

During the IEL Radiation Conference call on November 28, 1990, Bob Alvarez of U.S.
Senator John Glenn's staff questioned the rationale for not testing for radioactivity while drilling
exploratory boreholes into the landfill. EPA responded that therlikelihoodzofedetectings
radioactive;compoundsTifipresentiwas muchigréater.throughzanalysisiofsground-waterjwhere
ithesezcompounds;would-have:-dispersed> The probability of detecting a radioactive source in the
landfill via boreholes was previously determined and presented in an EPA memorandum to the
Technical Information Committee on December 27, 1990 (U.S. EPA, 1990). That study showed
that the installation of 50,000 boreholes would result in a detection probability of only 0.22. This
report .presentsithe:findingsrof :ZEPAjsistudy:.tozdetermine-the; probability:of-detéctingta

radioactivessource,: ifcpresent; using:the. monitoring:well:network,that:willzberexpanded-during

p b Bt

the,design-studies?

Section 2.0 describes how the target radioactive compounds for this study were selected,
and how their location within the landfiil was selected. Section 3.0 describes the model (PLUME)
and input assumptions used to estimate downgradient radioactive compound activities. Section
4.0 discusses the model limitations. Section 5.0 discusses the probability computations. Section
6.0 presents the results of the modeling and subsequent probability determinations. Finally,
Section 7.0 provides a summary of the study and conclusions. A glossary is also provided in
Appendix C to define technical terms not defined in the text. These terms have been underlined.

2.0 SOURCE TERM DEVELOPMENT

The potential radioactive sources and their estimated volumes from the state and federal
licensed sources are described in the EPA memorandum of December 27, 1990 (U.S. EPA, 1990).
The solid and liquid radioactive sources of potential concern and their respective activities are
included sincé-they: wouldhave:decayed:tosnondetectable-activities-shortly aftersthe closing-of- the
landfill,. and:do.not have radioactive-daughter.products:z

listed in the table below. Those.compounds-with:short:half=lives-(less ‘thanzoneyear), were-not-—.,

1



Radioactiv urce Isoto Activity in curies (Ci) Mobility Class

Cesinm=137#% 1.0 1

Americium-241 0.5 | N
Cobalt-60 0.1 1

Strontium-90 0.05 I

Iron-55 0.02 1! '
Nickel-63 0.015 1 L—-—w-gm%.%#“ﬁa o
Radium-226 0.5 1 ‘
Carbon-14 0.005 2
‘Hydrogen=3z(tritiuny)m 0.3 2

These hypothetical sources can be placed into two general classes: 1).immobilescompounds
tllaymhgm&g;gdginﬁgWWSWE?WﬁWh@l\ygboundztbyxzthe‘:sedimenmpanticles&inﬁthesaquiﬁer
andsthereforeymigrate;downgradient;very:slowly; and<2)fmobilezcompoundssthatztendztoliove
downgradient-atza:rate;similaritoithatiofigroundiwater: The radioactive isotopes listed in the
table above are categorized in one of these two classes based on their reported behavior in the
environment. Onestarget;compound;was:selectedifromseachr.classstoscomparesthezeffects:ofy

mobility. i thefdowngradientrdistribution:ofrthettar get-conmpoindiand;therresultant:probability:ofi:
detection. Cesium-137-Was’selectéd asSthevimniobilezcompound;.because:it-hasrthergreatest
activity. Tritiumiwasiselectedsassthe-mobile.compound® The half-lives of cesium-137 and

tritium, respectively, are 30.1 years and 12.26 years.

In-addition:tosthe staterand -federal:licensed-hypothetical:sources; listed-above;:a:¥midnight

g

dumperg.scenario:in-which.wastes:from-a reactor-or:fuel-processing-plant: wereriilégally diSposed>
ofrat-IEL;was:addressed. This scenario was formulated based on the allegation that a truck
bearing a radioactivity placard was seen at IEL. In this scenario, 100-drumssofzuranium- and
thorium-bearingiwastesiare assumed:to:be-the:-hypothetical Sotiré€ Based on analysis of this type
of waste at the Feed Materials Production Center, a U.S. Department of Energy facility in
Fernald, Ohio, estimated activzties for uraniumsand thorium are 0:2-€f and 0.1 Ci, respectively.
Since uranium-234/238 has the higher activity, it was chosen as the third target compound for

the modeling study.

The location and areal extent of the landfill with respect to the monitoring well network
and proposed boreholes are shown in Figure 1. In order to model the transport and distribution
of these radioactive compounds (cesium-137, tritium, and uranium-234/238) in the shallow sand
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and gravel aquifer beneath the landfill, some assumptions are required regarding their location
within the landfill. The:location“ofithezhypothetical;radioactive:sourcerwas sélécted-tosoccurs

semewhere;along-the:westernzor:southern:boundarysofstherlandfillzandcatithie-bottom-ofithe:

A Al

iy

landfillzwhicheapproximatelyrcorresponds:toithezwaterstableselevationzConstrainingzthersourcaz
W locationztostheslawdfillkboundary:resultszinzthe:zlowestsprobability-ofzdetectionzbyitliem
monitoring:wellEnétwork-<«Moyving:theshypothetica:-svurcezlocationstowardsthe:centerzofsthe;
landfillzincreasessthezprobabilitysof:detectionzbecausexthosexwellszlocated; withinTortatitheisite

boundaﬁiesmomd‘ﬁm.temmuy&det_ectﬁtheﬂ'plgm;ﬁ%i%%&ghﬁ@jleﬁofﬁme{plmeEmQL%éﬁv%&%
downgradientsdispersions Movingzthezhypotheticalzsourcerlocationzupwards*witHinTthe Jandfill®
increagessthesprobabilityzofedetectionzbecauserthessourceiwouldrbecomesdispersedras;itzmigrates
downwardutowardsstheiwaterstablep thustcreatingrazlargersplume: The same effects that disperse
the plume will also dilute the activity of the plume and may make it harder to detect. However,
if the activities are diluted to below detection limits in the wells, the plume will not pose any
health risk. In addition, it is assumed that the target compounds are released from a line source |
meter in length, which corresponds to a 1 cubic yard source.

It is also assumed that the source is soluble and is instantaneously released into the
aquifer. This assumption is reasonable for tritium but is less likely for cesium-137 and uranium-
234/238. However, releasing these compounds as a slug (instantaneously) results in a smaller

plume and therefore a lower probability of detection, thus this assumption is conservative.

In summary, the;assumptionsymadezconcerningitlie hypotheticalisource:location:and:
method:ofzintroductiontinto: the;aquifersresult.in.minimal plume.dispersion:ssFherefore;:thes,

b A AR,

e . B .

probabilities?ofzdetectiondetérminedtin: this Studyrrépresentminimums.
3.0 PLUME MODEL

A three-dimensional, unidirectional analytical transport model, PLUME, was used to
estimate the concentration, in curies per liter (Ci/L), of cesium-137, tritium, and uranium-
234/238 downgradient from the landfill at selected time periods.

PLUME (Analytic Solution for Transport of Radioactive and Non-Radioactive Tracers in
Ground Water) is a public domain computer model. It is used to calculate the concentration
distribution of a contaminant in a homogeneous aquifer with solute injection in a one-
dimensional flow field with three-dimensional dispersion (Van der Heijde, 1983). PLUME is
distributed and supported by the International Ground Water Modeling Center, Holcomb
Research Institute, Butler University. The model is based on an equation that describes the time-
dependent dispersion of a solute in one direction of groundwater flow in an aquifer that is
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homogeneous, isotropic, and infinite in extent. The model is supplied with constant values for
porosity, hvdraulic conductivity, hydraulic gradient, and dispersion coefficients. The governing
equation and assumed boundary conditions, described in detail by Codell (1982), are not
elaborated here.

The following simplifying assumptions are incorporated in the application of the PLUME
model to the IEL site:

. A hypothetical radioactive source is located at the water table surface.

. The saturated thickness of the unconfined aquifer is uniform, and equal to
30.5 meters (U.S.EPA, 1988).

. The aquifer is homogenous and isotropic. The mean hydraulic
conductivity (K) is estimated at 33.8 meters/day (U.S.EPA, 1988).

. The hydraulic gradient (1) for the western boundary is 0.018 feet/foot.
The hydraulic gradient (L)) for the southern boundary is 0.006 feet/foot
(US.EPA, 1988). Due to differences between I and I  and observed radial
flow at the landfill, for each source scenario the modef was run twice, to
independently model migration to the west and to the south.

. The effective porosity (n) of the aquifer is 0.30 (U.S.EPA, 1988).

. The average interstitial velocity (v) is estimated at 2.02 meters/day at the
western boundary of the IEL facility, and 0.676 meters/day at the southern
boundary, where v = KI/n.

. The screened interval for the existing and proposed monitoring wells is
from the water table to 3.1 meters below the water table.

) Retardation is defined as the ratio of the velocity of ground water to the
velocity of the contaminant. Estimates of retardation are based on the
following equation:

R =1 + Kd(BD/n)

where
R = retardation coefficient.
n = porosity, assumed to be 0.3, assumed to equal the
effective porosity.
Kd = adsorption coefficient,
BD = bulk density, assumed to be 1.5.

The adsorption coefficient (Kd) is defined as the ratio of the concentration of the
compound adsorbed on soil surfaces to the concentration of that compound in water. The greater
the extent of adsorption, the greater the value of Kd. The Kd values for the two cations
(cesium-137 and uranium-234/238) in question can vary greatly depending on the cation



exchange capacity of the sediments and the ground-water chemistry. Dragun’(1988) presents
observed ranges for cesium.of 10 to 52,000 and for uranium of 11 to 4,400. Based on values
presented for comparable lithologies (U.S.EPA, 1978), Kd values for cesium and uranium were
estimated at 200 and 30, respectively. Site-specific geochemical data that would have allowed a
more rigorous determination of Kd values for these compounds is not available. Tritium is

- expected to move at the same rate as ground water (U.S.EPA, 1978), therefore its Kd value is

Zero.

The retardation coefficients for the three radiochemical compounds of interest based on
the equation above are:

R_
Cesium-137 1001
Uranium 151
Tritium 1

Retardation coefficients greater than 10 indicate that a compound is generally immobile.

The assumed longitudinal (Dx) dispersivity for each of the compounds is equal to one-
tenth of the mean travel distance (Gelhar and Axness, 1981). For example, the mean travel
distance for tritium toward the west 100 days after release is 200 meters. Therefore, Dx = 20
meters. The transverse (Dy) dispersivity was set to equal one-third of the longitudinal
dispersivity (Whitaker, 1967; U.S.EPA, 1985; Gelhar and others, 1985). To determine the ~ffect
on the shape of the plume and resultant probability of detection, Dy = 0.1(Dx) was also modeled
(Mackay and others, 1985). Finally, based on vertical distribution of contaminants as deep as the
intermediate wells at IEL (U.S.EPA, 1988), the vertical (Dz) dispersivity was set equal to the
transverse dispersivity.

The model ouiput tables provides activities for the radioactive compounds of concern at
the nodes of a 10 x 10-meter or 20 x 20-meter grid, to a distance of 190 or 380 meters,
respectively, Appendix A presents the modeling output. The source is located at the origin of
the grid. (0,0). The activity at the source (0,0) is assumed to equal the activity at grid node (10,0).
Activities are also provided for only one-half of the plumes. To obtain activities for the other
half, the output can simply be reflected across the line y = 0.

The output provides activities that are many orders of magnitude below the analytical
detection limits for the source compounds. These detection limits are presented below:



Compound Analvtical Detection Limit (Ci)

Cesium-137 02 E-10
Tritium 0.1 E-08
Uranium-234/238 0.1 E-10

Thezanalyticalrdetection_:imits:for-cesium=1.3 7Zafiditritivinicwereyset;inzaccordancezwithsthes
monitoringzreqilirementstfor drinkingiwater-ifi"d0?CFRI415:Subpart:C=sThe;analytical-detections
limit:foreuranium=23472385Wasiseétiatzone~half:thezuraniumgactivity.being-consideredaaszax

proposedifmaximumscontaminant-1evéls

4.0 MODEL LIMITATIONS

The estimates for the occurrence, activity, distribution, and migration of cesium-~137,
tritium, and uranium-234/238 at the IEL site are hypothetical. Therefore, many of the
assumptions and model input parameters are hypothetical or based on scientific references that
present data for similar geologic conditions. In addition, the ground-water flow regime is
simplified. Most importantly, the model could not be calibrated because of a lack of site-
specific downgradient monitoring well data. Therefore, this initial modeling effort provides only
an estimate of the expected distribution and activity of the radioactive compounds chosen. If’
future-investigations: indicate:that: modifications?of-thezmodeling;assumptions:are*necessary,. the;,
model-shouid:besupdated-with:new.data:as.appropriate®:

5.0 PROBABILITY COMPUTATION

The probabilities of detection of the radioactive compounds of interest via the boreholes
and monitoring wells west and south of the landfill are determined by the method described
below:

1. Use a bivariate interpolation method on the contaminant activities at the grid nodes as
determined by the model. The contaminant activities are determined for all locations
within the plume by linearly interpolating in both the x and y directions.

2. Generate a hypothetical source point location on the western or southern boundary with

equal probability, using a uniform random number generator.



3. Shift the model output in conjunction with the shift of the hypothetical source location
from the origin to the new, randomly generated hypothetical source location on either the
western or southern boundary.

4, Determine which of the boreholes and monitoring wells detect the contamination by
comparing the activity at that monitoring location to the analytical detection limit for the
compound modeled.

For each scenario considered, steps 1 - 4 were repeated 10,000 times in the computer
program, and the number of times the boreholes and monitoring wells detected the contamination
were counted. The detection probability for a borehole or monitoring well is estimated by:

P (detection by a borehole or monitoring well) =

Number of times the borehole or well detected contamination
10,000
>
Assuming that the boreholes and monitoring wells act independently of one another, the
following was also computed, for boreholes/monitoring wells

P (at least one detection) = 1 - v (1-p(detection by i-th unit)).

During:the’advanéement;of:the:exploratory. boreholes;.the:grouridéwater-wili-be-screened?
in:an-onzsiteilaboratory: for: targetiniietal-and organic’contaminants: Based-on;thezresults-of:thic
screening;a minimum-of:four:of:the eight. boreholes-willbezconverted:to:monitoFiig-wells
Therefore, the minimum probability of detection for the future monitoring well network should
approximately equal the probability of detection in the fixed monitoring wells plus one-half the
probability of detection in the boreholes. The actual number of boreholes to be converted to

monitoring wells may be greater.

The detection probabilities for each compound and the various scenarios modeled are
presented in Appendix B.

6.0 RESULTS

Although data for many different scenarios were generated, only the most instructive data
are provided in the appendices and discussed in detail below. Tritium, cesium-137, and
uranium-234/238 are presented in Sections 6.1, 6.2, and 6.3, respectively.



6.1 TRITIUM

PLUME was run to model the activity of tritium downgradient from the hypothetical
source 100 days after release into the aquifer. The model output is presented in Appendix A-1.
The maximum activity to the west of the landfill is 0.45 E-09 Ci/L at a location 200 meters
downgradient from the source. This concentration is below the detection limit of 0.10 E-08 Ci/L
for tritium. To the south, the detectable downgradient region of tritium is about 100 x 60 meters
in extent. This region (plume) is depicted graphically in Figure 2. The probability of ‘detection
for this plume is presented in Table B-1. The probability of detection in at least one of the fixed
monitoring wells is 0.266. However, this determination includes those random hypothetical
source locations on the western boundary, where the downgradient activity of tritium is below
detection limits at all locations after 100 days.

If a shorter timeframe is considered, for example, 30 days, the plume would be detectable
to the west rather than the south. The detectable extent of the tritium plume to the south would
extend only about 40 meters from the southern boundary, therefore, all of the wells to the south
are located beyond the detectable boundaries of the plume. However, the plume is readily
detected by the north/south line of boreholes and wells located about 50 meters west of the
western boundary of the landfill, since the maximum tritium activity occurs at about 65 meters
west of the hypothetical source.

If a longer timeframe is considered, for example one year, the tritium activity is dispersed
and diluted to levels below the analytical detection limit to both the south and the west.

6.2 CESIUM-137

Cesium. is-an: immobile‘compound:-.Therefore;:the timeframe:ofiinterést:i§ imeasured inx
tens-of- years, rather.than'days: For the hypothetical source activity of interest (1 Ci), PLUME
was run for 25-year and 100-year timeframes: Twenty-five years approximately coincides with
the opening of the landfill. Twenty-five years after release into the aquifer, detectable activities
of cesium-137 extend only 40 meters toward the west and about 15 meters to the south. The
model output is presented in Appendix A-2. Therefore, all the wells and boreholes are located
beyond the detectable downgradient extent of the plume. After 100 years, the maximum cesium-
137 activity to the west is 0.35 E-11 Ci/L, 70 meters downgradient of the hypothetical source.
However, this activity is below the analytical detection limit of 0.2 E-10 Ci/L. The extent of the
detectable downgradient plume toward the south is 40 meters. Once again, the wells are located
beyond the detectable limits of the plume. If timeframes longer than 100 years are considered,

the activity of cesium-137 decreases to below detectable activities beyond 50 meters

9
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downgradient to the south. Based on the migration rate and half-life of cesium-137, cesium-
137 activities are below analytical detection limits at all wells or boreholes to the west and south
of the landfill.

Because a hypothetical source concentration of 1 Ci resulted in cesium-137 activities
below analytical detection limits beyond 50 meters downgradient from that source, the
hypothetical source strength was arbitrarily increased to 10 Ci to determine the effectiveness of
the well network in identifying an immobile source plume just above analytical detection limits.
The 100-year timeframe was modeled. The model output presented in Appendix A-2 should be
multiplied by 10 to obtain the correct activities for the 10 Ci source strength. The detectable
downgradient region of cesium-137 to the west is shown as an example plume in Figure 3.
Similar to the previous example, the plume activities are below analytical detection limits beyond
50 meters downgradient of the hypothetical source to the south. The probabilities of detection
are shown in Table B-2. The probabilities are low (0.096 for detection by at least one fixed
monitoring well and 0.191 for detection by the future monitoring well network) because despite
the arbitrary increase in the hypothetical source strength, the plume does not extend beyond 50
meters to the south or 100 meters to the west.

Since real time field data were not available to calibrate the model, the assumption that
the transverse dispersivity is equal to one-third of the longitudinal dispersivity Dy = (1/3)Dx
could not be tested. Therefore, a sensitivity analysis was conducted by decreasing transverse
dispersivity, setting Dy = (1/10)Dx, and comparing the shapes of the plumes. The model output
is presented in Appendix A-3 and the resultant example plume can be seen in Figure 4. As
indicated in the figures, the plume generated from the decreased Dy value is somewhat narrowed
and elongated. Therefore, it might be inferred that the probability of detection would decrease.
However, the probability of detection in this cxample (see Table B-2) is approximately the same
as that in the previous example where Dy = (1/3)Dx, indicating that the effects are minor.

6.3 URANIUM 234/238

Uraniium-*although:more:mobile:than:cesiuimT=is5stillzanzimmobile- Eompound. Therefore,
pertinent timeframes of 10 and 25 years were selected for modeling this compound. Ten years
approximates the closure of the landfill. Ten years after release into the aquifer, activities
greater than the analytical detection limit extend 100 meters to the west and 40 meters to the
south (see Appendix A-4). An example plume is shown in Figure 5. The probability of
detection is 0.171 for at least one fixed monitoring well and 0.349 for the future monitoring well
network (see Table B-3). Twenty-f i.ve years after release, the extent of the plume is 160 meters
west and 80 meters south (see Appendix A-5). An example plume is shown in Figure 6. The

11
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probability of detection is 0.105 for the either the fixed monitoring wells or for the future
monitoring well network. The decreased probability is due to the location of the plume between
the wells along the western boundary (see Figure 6). The detectable extent of the plume to the
south just reaches those wells to the south. After 50 years, the plume would be dispersed to the
extent that it could no longer be detected.

7.0 SUMMARY AND CONCLUSIONS
Cesium-137 and tritium were selected as two of the target compounds for this study.

These compounds were chosen from a compilation of potential radiological contaminants
presented in the EPA memorandum of December 27, 1990 (U.S. EPA, 1990) Cesium=isinwass

m@m@m&mmahsmmammmm&m&e@ﬂmwﬁmmm
fadioactiveswaste,. However, no evidence exists suggesting that any of these potential

radiochemical contaminants are present.

FREEIGEationT o theipotentialeradiochéimicalssourceralongreit et HeTwesternromasoutherny
boundaryzattheswatetztableziszextremely.conservativessinzthatstheserlocationssresulinsa i munm
probabilitrofadetectionzoffafFdowngradien tplumesbyt ReSonitoEingIwellinetwork: The input
parameters chosen for the PLUME mode are based on available site data and accepted modeling
practices. However, no activity data for downgradient radiochemical compounds exist to
calibrate the mode!. Therefore, the distribution and activity of the compounds modeled are
theoretical and estimated.

The probabilities of detection via either monitoring wells or boreholes were determined
by randomly locating the hypothetical source along the western or southern landfill boundary and
determining whether a monitoring well or borehole is within the boundaries of detectable plume
activities modeled from that source. Assuming:thatsthe:mjinimumsofzfourrofstheseighteboretioless
willbe;converted.to-menitoring:wells;zthezprobabilityzofedetectionzbystherfuturesmonitoringawell
networksranges:fromi03105516: 0:349:forzuranium=234/23 8randEtritinnE N Ces iom=F3TEisENoBprésente
aboyesdetectionslimits;at:anyroficthe-monitoring:pointsafA Fterrat BHtFaFHVEINCFeasNpUthe
hypetheticakisourcerstrength-10-times;-the-probabilityrofsdetectionsforzcesium=37sapproximatelyz
05191. dfstheshypotheticaksourceractivitieszwere significantlyzhigherithanzthosermodeled,

oy earyy

althoughstheruse;of-higherisoutcgactiVitiestcannotibersupportedizelierprobabilityzofzdetection

wouldzbersigfiificantlyrgreater:
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kkkhkhkhkhkhkhkkhkkhkhkhkkhhkhkhhkhhx PIUME *hkkkkkhkhkhkhhkkhkhhhkhkkhkhhkkkkkx PAGE 1

CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE
OR NON-RADIOACTIVE TRACER IN A HOMOGENEOUS TWO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

- —— - - - —— I D - - D D 5D G0 R G G D S — - —— A G D D - W D G D Y, - —— - —— - -

dkdkkhhhhhkkhkhhkhhhhhkhhkkhkhkhkkkk TNPUT DATA *kkkhkhkkhkkhhhhhhhhhrkhkhrxrkhhhk
AVERAGE INTERSTITIAL VELOCITY: .676 [M/DAY]

HALF LIFE TIME: 12.26 YRS
RETARDATION FACTOR: 1

AQUIFER THICKNESS: 30.5 [M]
EFFECTIVE POROSITY: .3
LENGTH OF LINE SOURCE: 1 ([M]

DISPERSIVITY IN X-DIRECTION: 7 [M]

DISPERSIVITY IN Y-DIRECTION: 2.3 (M]

DISPERSIVITY IN Z-DIRECTION: 2.3 [M)]

VERTICAL POSITION OF SOURCE BENEATH SURFACE: 0 [M)
------------------------ SOURCE STRENGTH TABLE ====—==——mecmmcmmmeeemee

NUMBER OF DATA PAIRS IN TABLE: 3

T(1)=0 SEC W(1l)= .1285 CI/SEC
T( 2 )=1 'SEC W( 2 )= .1285 CI/SEC
T( 3 )= 1.0001 SEC W(3)= 0 CI/SEC



P

AREA UNDER PULSE IN GRAPH (= TOTAL MASS RELEASE):

TIME CENTROID:

NUMBER OF DIVISIONS IN SOURCE PULSE:

CALCULATION TIME:

100 DAY

10

GRID DATA

5.787327E~-06 DAYS (= .500025 SEC)

PLUME - PAGE 2

.1285064 CURIES

DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3

X-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

Y-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

ORIGIN OF GRID:
X-DIRECTION:
IN X-DIRECTION: 20

ORIGIN OF GRID:
Y-DIRECTION:
IN Y-DIRECTION: 10

0 M)
10 [M)

0 [M]
10 [M]

[M]

ARRKKRKRRKRRAKKRRRRRRRRRkKkkk RESULTS RhkAkkhkhkhhhkhhhkhhkhhhhhkhhkhkkhhkhkhkhd

- mmememmmememe e CONCENTRATION IN [CI/L)

X=-> 0 10 20 30 40 50

Y

0 ~.1000E+01 0.9302E-09 0.1622E-08 0.2544E-08 0.3590E-08 0.4558E-08
- 10 0.4086E-09 0.7917E-09 0.1380E-08 0.2165E-08 0.3055E-08 0.3879E-08
. 20 0.2523E-09 0.4888E-09 0.8522E-09 0.1337E-08 0.1886E-08 0.2395E-08

30 0.1129E-09 0.2187E-09 0.3813E-09 0.5981E-09 0.8441E~09 0.1072E-08

40 0.3665E-10 0.7102E-10 0.1238E-09 0.1942E-09 0.2740E-09 0.3480E-09

50 0.8639E-11 0.1674E-10 0.2918E-10 0.4577E-~10 0.6459E-10 0.8201E-10

60 0.1478E-11 0.2864E-11] 0.4993E-11 0.7831E-11 0.1105E-~10 0.1403E-10
. 70 0.1833E-12 0.3552E-12 0.6193E-12 0.9714E-12 0.1371E-11 0.1741E-11

80 0.1644E-13 0.3185E-13 0.555?€-13 0.8709E-13 0.1229E-12 0.1561E-12
- 90 0.1264E-14 0.2450E-14 0.4271E-14 0.6699E-14 0.9454E-14 0.1200E-13

- o - W —— . — . W > D S —— A ——— —— T —— - —— — —— - — > e T D B S S ———— — — - ————



10
20
30
40
50
60
70
80
90

10
20
30
40
50
60
70
80
90

X=->

X->

60

0.5207E-08
0.4432E-08
0.2736E-08
0.1224E-08
0.3975E-09
0.9369E-10
0.1603E-10
0.1988E-11
0.1783E~-12
0.1371E-13

120

0.1258E-08
0.1071E-08
0.6613E-09
0.2959E-09
0.9607E-10
0.2264E-10
0.3874E-11
0.4806E-12
0.4309E-13
0.3314E-14

180

0.6777E-11
0.5769E-11
0.3562E-11
0.1594E-11
0.5174E-12
0.1220E-12
0.2087E-13
0.2588E-14
0.2321E-15
0.1785E-16

70

0.5352E-08
0.4555E-08
0.2812E-08
0.1258E-08
0.4086E-09
0.9630E-10
0.1648E-10
0.2044E-11
0.1832E-12
0.1410E-13

130

0.6862E-09
0.5840E-09
0.3606E-09
0.1613E-09
0.5238E-10
0.1235E-10
0.2113E-11
0.2620E-12
0.2349E-13
0.1807E~14

190

0.1960E-11
0.1669E-11
0.1030E-11
0.4610E~-12
0.1497E-12
0.3527E-13
0.6036E-14
0.7486E-15
0.6712E-16
0.5163E=17

80

0.4949E-08
0.4213r-08
0.2601E-08
0.1164E-08
0.3779E-09
0.8906E-10
0.1524E-10
0.1890E-11
0.1695E-12
0.1304E-13

140

0.3366E-09
0.2865E-09
0.1769E-09
0.7915E-10
0.2570E-10
0.6057E-11
0.1036E-11
0.1286E-12
0.1153E-13
0.8866E-15

S0

0.4118E-08
0.3505E~08
0.2164E-08
0.9684E-09
0.3144E-09
0.7410E-10
0.1268E-10
0.1573E-11
0.1410E-12
0.1085E-13

150

0.1486E-09
0.1265E-09
0.7808E-10
0.3494E-10
0.1134E-10
0.2673E-11
0.4574E-12
0.5674E~13
0.5087E-14
0.3913E-15

100

0.3083E-08
0.2624E-08
0.1620E-08
0.7249E~09
0.2354E~09
0.5547E~10
0.9492E-11
0.1177E~11
0.1056E~-12
0.8120E-14

160

0.5900E-10
0.5022E-10
0.3101E-10
0.1387E-10
0.4505E-11
0.1062E-11
0.1817E-12
0.2253E-13
0.2020E-14
0.1554E-15

PLUME - PAGE

110

0.2077E-08
0.1767E-08
0.1091E-08
0.4883E-09
0.1585E-09
0.3736E-10
0.6393E-11
0.7930E-12
0.7110E-13
0.5469E~-14

170

0.2108E-10
0.1794E-10
0.1108E-10
0.4957E-11
0.1610E-11
0.3793E~12
0.6491E-13
0.8051E-14
0.7218E-15
0.5553E-16



Ahkkhkhkkhkkhkkhhhhhhhkkkkhkkkhkkhx PLUME *hhkxkkhkkkkhkhhhkkrkkkkkkhkkkkkx* PAGE 1

CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE
OR NON-RADIOACTIVE TRACER IN A HOMOGENEOUS TWO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

- — v - A D S D D TIPS S I S G T SIS D G D D D D G D - - — T - D S S v S = . — -

kkkkkkhhhkhkhkhhkhkhkhhhkhkhkkkrkkkxx INPUT DATA ek ke ok ek ok ok ok ok ok
AVERAGE INTERSTITIAL VELOCITY: 2.02 [M/DAY]

HALF LIFE TIME: 12.26 YRS
RETARDATION FACTOR: 1

AQUIFER THICKNESS: 30.5 (M)

EFFECTIVE POROSITY: .3

LENGTH OF LINE SOURCE: 1 [M]

DISPERSIVITY IN X-DIRECTION: 20 [M]

DISPERSIVITY IN Y-DIRECTION: 6.7 [M]

DISPERSIVITY IN Z-DIRECTION: 6.7 [M]

VERTICAL POSITION OF SOURCE BENEATH SURFACE: O [M)
------------------------ SOURCE STRENGTH TABLE -~==~=-e--ccmrcccccrcea—-

NUMBER OF DATA PAIRS IN TABLE: 3

T(1)=0 SEC W(1l)= .1285 CI/SEC
T( 2 )= 1 SEC W( 2 )= .1285 CI/SEC
T( 3 )= 1.0001 SEC W(3)= 0 CI/SEC



INPUT DATA -CONTINUED-

---------------- PLUME - PAGE 2

AREA UNDER PULSE IN GRAPH (= TOTAL MASS RELEASE):
TIME CENTROID: §5.787327E-06 DAYS (= .500025 SEC) -

.1285064 CURIES

NUMBER OF DIVISIONS IN SOURCE PULSE: 10

CALCULATION TIME: 100 DAY

------------------------------- GRID DATA =====m=mmmm—memeeececcc e —oee
DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3 [M]
X-COORDINATE OF ORIGIN OF GRID: O [M]

GRID SPACING 'IN X-DIRECTION: 10 ([M]

NUMBER OF NODES IN X-DIRECTION: 20

Y-COORDINATE OF ORIGIN OF GRID: 0 [M)

GRID SPACING IN Y-DIRECTION: 10 [M]

NUMBER OF NODES IN Y-DIRECTION: 10

khkkkhhkkkhkkkhkhkhkhkkkxikkhkhkkkkk RESULTS **xkkkhkkhkhkkkhhkhkhkhkhkhkhkhkhhhkhkhhkhkhhhkhkkkkk

CONCENTRATION IN [CI/L]

X-> 0] 10 20 30 40 50

Y

0 -.1000E+01 0.4650E-10 0.5861E-10 0.7297E-10 0.8972E-10 0.1090E-09
10 0.3575E-10 0.4562E-10 0.5750E-10 0.7158E-10 0.8802E-10 0.1069E~-09
20 0.3382E-10 0.4316E-10 0.5440E-10 0.6772E-10 0.8327E-10 0.1011E-09
30 0.3084E-10 0.3936E-10 0.4961E-10 0.6176E-10 0.7594E~10 0.9223E-10
40 0.2711E-10 0.3459E-10 0.4360E-10 0.5428E-10 0.6674E-10 0.8105E~10
50 0.2296E-10 0.2929E-10 0.3692E-10 0.4596E-10 0.5652E-10 0.6864E~10
60 0.1873E-10 0.2390E-10 0.3013E-10 0.3751E-10 0.4612E-10 0.5601E-10
70 0.1473E-10 0.1880E-10 0.2369E-10 0.2950E-10 0.3627E-10 0.4405E~-10
80 0.1116E-10 0.1425E-10 0.1796E-10 0.2235E-10 0.2749E-10 0.3338E-10
90 0.8155E~11 0.1041E-10 0.1312E-10 0.1633E-10 0.2008E-10 0.2438E-10



10
20
30
40
50
60
70
80
90

10
20
30
40
50
60
70
80
90

0.1307E-09
0.1282E-09
0.1213E-09
0.1106E-09
0.9722E-10
0.8233E-10
0.6719E-10

0.5283E-10

0.4004E-10
0.2925E-10

120

0.3002E-09
0.2945E-09
0.2787E-09
0.2541E-09
0.2233E-09
0.1891E-09
0.1543E-089
0.1214E-09
0.9199E-10
0.6719E-10

180

0.4417E-09
0.4334E-09
0.4100E-09
0.3739E-09
0.3286E-09
0.2783E-09
0.2271E-09
0.1786E-09
0.1353E-09
0.9886E-10

70

0.1549E-Q9
0.1519E-09
0.1437E-09
0.1311E-09
0.1152E-09
0.9755E~10
0.7960E-10
0.6260E-10
0.4744E-10
0.3465E~10

130

0.3303E-09
0.3240E-09
0.3065E-09
0.2795E-09
0.2457E-09
0.2080E-09
0.1698E-09
0.1335E-09
0.1012E-09
0.7391E~-10

190

0.4511E-09
0.4426E-09
0.4187E-09
0.3819E-09
0.3356E-09
0.2842E-09
0.2319E-09
0.1824E-09
0.1382E-09
0.1010E-09

80

0.1812E-09
0.1778E-09
0.1682E-09
0.1534E-09
0.1348E-09
0.1141E-09
0.9315E-10
0.7325E-10
0.5552E-10
0.4055E-10

140

0.3588E-09
0.3520E-09
0.3330E-09
0.3037E-09
0.2669E-09
0.2260E~09
0.1844E~09
0.1450E-09
0.1099E-09
0.8030E~-10

90

0.2094E-09
0.2055E-09
0.1944E-09
0.1773E-09
0.1558E-09
0.1319E-09
0.1077E~-0Q9
0.8467E-10
0.6417E-10
0.4687E-10

150

0.3850E-09
0.3777E-09
0.3574E-09
0.3259E-09
0.2864E-09
0.2426E-09
0.1979E-09
0.1557E-09
0.1180E-09
0.8617E-10

100

0.2391E-09
0.2346E-09
0.2219E-09
0.2024E-09
0.1779E-09
0.1506E-09
0.1229E-09
0.9665E~-10
0.7325E-10
0.5351E-10

160

0.4081E-09
0.4004E-09
0.3788E-09
0.3454E-09
0.3036E-09
0.2571E-09
0.2098E-09
0.1650E-09
0.1250E-09
0.9133E-10

PLUME - PAGE

110

0.2696E-09
0.2645E-09
0.2502E-09
0.2282E-09
0.2005E-09
0.1698E-09
0.1386E-09
0.1090E-09
0.8260E-10
0.6033E-10

170

0.4272E-09
0.4191E-09
0.3965E-09
0.3616E-09
0.3178E-09
0.2691E-09
0.2196E-09
0.1727E-09
0.1309E-09
0.9561E-10



CALCULATION TIME:

100 DAY

GRID DATA

DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3

X-COORD

GRID SPACING IN
NUMBER OF NODES

Y-COORD

GRID SPACING IN
NUMBER OF NODES

INATE OF

INATE OF

ORIGIN OF GRID:
X-DIRECTION:
IN X-DIRECTION: 20

ORIGIN OF GRID:
Y-DIRECTION:
IN Y-DIRECTION: 10

0 (M)
20 [M]

0 [M]
20 [M]

(M)

khkkkhkkkhkhkkhkhhhkhhkkhkhhkhkhhkkhk RESULTS % % %k dk ek k& % & ok & & ok o % 3% ok % % o o o % % J o ok %k %k % % % o % &

-.1000E+01
0.3382E-10
0.2711E-10
0.1873E-10
0.1116E-10
0.5741E-11
0.2548E-11
0.9760E-12
0.3228E-12
0.9201E-13

0.5861E-10
0.5440E-10
0.4360E-10
0.3013E-10
0.1796E-10
0.9234E-11
0.4098E-11
0.1570E-11
0.5191E-12
0.1480E-12

40

0.8972E-10
0.8327E-10
0.6674E-10
0.4612E-10
0.2749E-10
0.1414E-10
0.6273E-11
0.2403E-11
0.7946E-12
0.2265E~-12

CONCENTRATION IN [CI/L]

60

0.1307E-09
0.1213E-09
0.9722E~-10
0.6719E-10
0.4004E-10
0.2059E-10
0.9139E-11
0.3501E-11
0.1158E-11
0.3300E-12

0.1812E-09
0.1682E~09
0.1348E~-09
0.9315E-10
0.5552E-10
0.2855E-10
0.1267E-10
0.4854E-11
0.1605E~11
0.4576E~12

0.2391E-09
0.2219E-09
0.1779E-09
0.1229E-09
0.7325E-10
0.3767E-10
0.1672E-10
0.6404E-11
0.2118E-11
0.6037E-12



20
40
60
80
1400
120
140
160
180

20
40
60
80
100
120
140
160
180

X=>

0.3002E~-09
0.2787E-09
0.2233E-09
0.1543E-09
0.9199E~10
0.4730E-10
0.2099E~10
0.8042E-11
0.2659E~-11
0.7581E~12

240

0.4163E-~09
0.3864E-09
0.3096E-09
0.2140E-09
0.1275E-09
0.6558E-10
0.2911E-10
0.1115E-10
0.3687E-11
0.1051E-11

360

0.9711E-10
0.9014E-10
0.7224E-10
0.4992E-10
0.2975E-10
0.1530E-10
0.6791E-11
0.2601E~-11
0.8601E-12
0.2452E-12

140

0.3588E-09
0.3330E-09
0.2669E-09
0.1844E-09
0.1099E-09
0.5653E-10
0.2509E-10
0.9611E-11
0.3178E-11
0.9060E-12

260

0.3696E-09
0.3431E-09
0.2750E-09
0.1900E-09
0.1132E-09
0.5824E-10
0.2585E-10
0.9901E-11
0.3274E-11
0.9333E-12

380

0.6407E-10
0.5947E~-10
0.4766E-10
0.3294E-10
0.1963E-10
0.1009E-10
0.4480E-11
0.1716E-11
0.5675E-12
0.1618E-12

160

0.4081E-09
0.3788E-09
0.3036E-09
0.2098E-09
0.1250E-09
0.6430E-10
0.2854E-10
0.1093E-10
0.3615E-11
0.1030E-11

280

0.3124E-09
0.2899E-09
0.2324E-09
0.1606E-09
0.9570E~-10
0.4921E-10
0.2184E-10
0.8367E-11
0.2767E-11
0.7887E-12

180

0.4417E-09
0.4100E-09
0.3286E-09
0.2271E-09
0.1353E-09
0.6960E-10
0.3089E-10
0.1183E-10
0.3913E-11
0.1115E-~11

300

0.2512E-09
0.2332E-09
0.1869E-09
0.1291E-09
0.7697E-10
0.3958E-10
0.1757E-10
0.6729E-11
0.2225E-11
0.6344E~-12

200

0.4551E-09
0.4224E-09
0.3385E-09
0.2339E-09
0.1394E-09
0.7169E-10
0.3182E-10
0.1219E-10
0.4030E~-11
0.1149E-11

320

0.1923E-09
0.1785E-09
0.1430E-09
0.9885E-10
0.5892E-10
0.3030E-10
0.1345E-10
0.5151E-11
0.1703E-11
0.4856E-12

PLUME - PAGE 5

220

0.4461E-09
0.4141E-09
0.3319E-09
0.2293E-09
0.1367E-0Q9
0.7029E-10
0.3120E-10
0.1195E-10
0.3951E-11
0.1127E-11

340

0.1401E-09
0.1300E-09
0.1042E-09
0.7201E-10
0.4292E-10
0.2207E-10
0.9795E-11
0.3752E-11
0.1241E-11
0.3537E-12

- - G —— T —— D " D A — ——— —— Y —— —— D —— — - G P > WD - S G I Gms W A I SN G D G W S . ———— - —— —



APPENDIX A-2

CESIUM-137
Dy = 1/3(Dx)



I IHIIHIEINHNHHNHHHNHHINNNKNN PLUME MMM NNRNNA RN NNARRRRANNX  PAGE 1

CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADLIOACTIVE
OR NON-RADIOACTIVE TRACER IN A HOMOGENEQUS TWwO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

——— e - S G = . e = S S e T G G . — . - - T — T — . . S - . . — ——— ———

FH 6 HIEIIE NI NI N FHNNHINHNNNN INPUT DATA 3363656 362 3 5 36 2 36 536 3 326 3 9 36 36 36 3 36 36 3 396 3 % %

-

AVERAGE INTERSTITIAL VELOCITY: 2.02 [CM/DAY]

HALF LIFE TIME: 30.1 YRS
RETARDATION FACTOR: 1000

AQUIFER THICKNESS: 30.5 [M]

EFFECTIVE POROSITY: .3

LENGTH OF LINE SOURCE: 1 [M]

DISPERSIVITY IN X-DIRECTION: 1.8 [M]

DISPERSIVITY IN Y-DIRECTION: .& [MI

DISPERSIVITY IN Z-DIRECTION: .& M3

VERTICAL POSITION OF SOURCE BENEATH SURFACE: O [MJ
———————————————————————— SOURCE STRENGTH TABLE ~==mm=—mmm——mmemmm e

NUMBER OF DATA PAIRS IN TABLE: 3

TC 1 )=10 SEC We 1 )= 1 Cl/SEC
T( 2 )= 1 SEC Wi 2 )= 1 Cl/SEC
T( 3 )= 1.0001 SEC W 3 )= 10 Cl/SEC



INPUT DATA -CONTINUED= ==---—-=ccmcmeea PLUME - PAGE 2

(= TOTAL MASS RELEASE):
.50002S SseC)

AREA UNDER PULSE IN GRAPH 1.00005 CURIES

TIME CENTROID: 9S.787326E-06 DAYS (=

NUMBER OF DIVISIONS IN SOURCE PULSE: 10
CALCULATION TIME: 9125 DAY

——————————————————————————————— GRID DATA ==—=mmm—mm oo
DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3 [M]
X~COORDINATE OF ORIGIN OF GRID: O [MJ

GRID SPACING IN X-DIRECTION: 10 [MI

NUMBER OF NODES IN X-DIRECTION: 20

Y-COORDINATE OF ORIGIN OF GRID: 0 [M]

GRID SPACING IN Y-DIRECTION: ‘10 [M]

NUMBER OF NODES IN Y-DIRECTION: 10

HHHIHHHIN NI NNNHHNHHNNNN RESUL TS 9626363 36 3636 36 3 26 3 36 3 36 3 36 3 36 36 36 3 36 36 26 3 36 36 36 H 3 36 3 3 36 36 % %

- - —— e - . — ——

CONCENTRATION IN [CIL/L1]

i —— v ——— ——————————

X=> 0 10 20 30 40 50
Y
"0 -.1000E+01 0.6088BE-0% 0.1021E-08 0.3796E-09 0.3126E-10 D0.5704E-12
10 0.8455E~-11 0.6401E-10 0.1074E-09 0.3991E-10 0.3287E-11 0.5997E-13
20 0.9961E-14 0.7541E-13 0.1265E-12 0.4702E~-13 0.3872E-14 0.7066E-16
30 ¢.0000e+00 0.0000E+00 0.0000E+00 0.00O00E+400 O0.0000E+00 O.0000E+OC0
40 0.0000e+00 C.O0C000E+00 0.0ODCE+CO O0.0000E+0Q0 0.0000E+0CO O.000DE+CO
S0 0.0000E+00 O0.0000E+00 D.0000E+0CO O0.0000E+00 O0.0000E+00 0.00C0O0E+00
&0 0.0000E+00 O.0000E+00 O0.000CE+CO O.0CCOE+00 O.0000E+00 O.0000E+0O0
70 G.0000e+00 0.0000E+00 G.00Q0CE+0Q O0.0000E+00 O0.0000E+0Q O0.0000E+QQ
80 0.0000E+00 O.00O0OCE+00 0.0000E+O00 0.0000E+400 0.0000E+0C O.000CE+0O0
90 Q.0000e+00 O0.0000E+00 O.0000OE+00C 0.000CE+00 O0.0000E+Q0 O.000C0E+QQ0

. ——— . . —————— - (— ————————————————— - — G S - - —— Y . S ———— — — {— ———— ———— ——



10
20
30
40
S
60
70
80
90

10
20

40
S0
&0
70
a0
90

coooOooocooo

ocooocoooOooo

coocoo0oOoooo

.2306E-14
.2425E-15
.2857E-18
.oooce+00
.0000E+OO
.00aoe+aa
.0000E+O0O
.00ooE+aad
.0000E+00
.0000E+0D

120

.0000E+0D
.0Q00E+QO
.0000E+00
.0000E+0Q
.0000E+00
.0a00e+Q0
.0000e+00
.0000E+0GO
.0000E+00
.0000e+00

180

.0000E+00
.0000E+00
.0oaoe+00
.0000E+00
.0000E+DOD
.0000e+00
.00ooE+OD
.0aaoe+0o
. 0000E+COD
.0aoae+oa

- . = . - —— . ———— —— — —— — — ———— — - A —— —— o ——— — - S GEn MR ) P D R D W A G — G —— A —— — —— — — — i ——

oo0ogocoOooOoOocoOoaoo

OoOD0Doo0ODocoooOooo

ocoocoaoocoo

70

.2066E-17
.2172E-18
.2559e-21
.00o0e+00
.0000E+00O
.0000E+00
.0000E+0OOC
.Qaooe+00
.000BE+OOD
.0000E+0O

130

.0000E+00
.000CE+0Q
.0000E+00
.00ooe+00
.000CE+0O
.0000E+00
.0000E+00
.ao0ooe+00
.0000E+00
.0000E+00

190

.000CE+00
.0000E+00
.0000E+QO
.0ooae+00
.000CE+D0
.00coE+00
.0000E+00
.0000E+0O
.0000E+0O
.0oooe+Q0

RESULTS

ooooooocooCcoca

ocoOoocoocoOoocoaoo

CONT INUED

80

.4101E~21
4312822
.S080E-25
.0oaoe+aa0
.0000E+00
.000a0e+00
.0000E+00
.Qoone+00
.000BE+0D
.0000E+OO

140

.000CE+0D
.0000E+UO
.0000E+0DO
.0000E+0Q
.0000E+0D
. 0000E+0Q
.0000E+00
.0000e+00
.00O0E+00
.0000E+0Q

Oo0ooocooooo

cCOoOoO0o0oooo

90

.0000E+Q0
.0000E+00
.0000E+00
.0000E+00
.0000E+0O
.0000E+00
.0000E+00
.gogooe+00
.0000E+00
.0000E+00

150

.0000E+00
.0000E+0Q
.00aoe+00
.0000E+0QQ
.0000E+00
.0000E+0C
.0000e+0Q0
.0o00E+00
.0000E+00
.0o00E+00

cdoooooocao

[ e J% 0 I om0 s e i Y o Y o Y o I o}

100

.0000E+00
.0000e+00
.0000E+00
.0000E+00
.0000E+CO
.0000E+00
.0000E+0QQ
.000ae+00
.0000E+00
.0000E+0D

160

.0000E+00
.0000E+00
.0000E+00
.0o00E+Q00
. 000C0E+00
.0000E+0Q0
.0000E+00
.0000e+00
.0000E+0Q0O
.000Q0E+00

oO0cocoococoooo

Ocoooocoooooo

PLUME - PAGE

110

.0000E+0D
.0000E+00
.0000E+00
.0000E+Q0
.0000E+00
.0000E+00
.0000E+00
.0000e+00
.0000E+00
.00D0E+0D

170

.0000E+00
.0000E+00
.0000E+CO
.0000E+00
.0000E+00
.000CE+OO
.0000E+00
.0000E+00
.0000E+00
.N000E+0Q



FHHHIEH WM N NI HIHHNNNNNNNN PLUME MR RRR RN XXX AR NNXR PAGE

CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE
OR NON-RADIOACTILIVE TRACER [N A HOMOGENEOUS TuWO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

Cs137 9125 davs 1Cl sauth

e e e e - ——— —— R S . A ML G M - — e — —— . R R S A WA e S S - e S WS A e = — D M . A 4= = = e -

JHIIIMIIENIIIENIINHHHHNHINRWNNRNHN INPUT DATA 356556563626 3 5 3 5 36 96 5 3 5 3 5 3 0 2 3 5 36 % % %% % %
AVERAGE INTERSTITIAL VELOCITY: .676 LM/DAY]

HALF LIFE TIME: 30.1 YRS
RETARDATION FACTOR: 1000

AQUIFER THICKNESS: 30.%5 (M]
EFFECTIVE POROSITY: .3

LENGTH OF LINE SOURCE: 1 [M]

DISPERSIVITY IN X-DIRECTION: .& [M]

DISPERSIVITY IN Y-DIRECTION: .2 [M]

DISPERSIVITY IN Z-DIRECTION: .2 LM]

VERTICAL POSITION OF SOURCE BENEATH SURFACE: 0O M3
———————————————————————— SOURCE STRENGTH TABLE —=-==——-mmmmmmm oo

NUMBER OF DATA PAIRS IN TABLE: 3

TC 1 )= 0 SEC Ww( 1 )= 1 Cl/SEC
TC 2 )= 1 SEC we 2 )= 1 Cl/SEC
T( 3 )= 1.0001 SEC Wwe 3 )= 0 Cl/SEC



AREA UNDER PULSE IN GRAPH
TIME CENTROID:

NUMBER OF DIVISIONS IN SOURCE PULSE"

CALCULATION TIME:

DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION):

X-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

Y-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

7125

DAY

5.787326E-06 BDAYS (=

ORIGIN OF GRID: O
X=DIRECTION:
IN X-DIRECTION:

ORIGIN OF GRID: O
Y-DIRECTION:
IN Y-DIRECTION:

Ml
10 M1
20

LMl

10 M1

10

10

GRID DATA

(= TOTAL MASS RELEASE):
.500025 seC)

INPUT DATA -CONTINUED= =-=-----==ec-——-- PLUME - PAGE

1.00005 CURILES

s

4

KHHIHHNH NN HHNNKKNNNNNHH RESUL TS 363696363 3 3 363 3 3 3 369 3 3 3 3 3 3 3 36 3 36 3 36 36 3 3 3 36 K KM H X

——— . . — v — ———— ————— ———

cooooocooo |

.1000E+401
.0000E+00
.0000E+00
.0aooe+00
.0000E+00
.0000E+00
.0000E+0O
.0000E+00
.0000E+GO
.qooge+00

OooO0OoOoOoo0aoo

.2010E-08
.0000E+00
.0000E+CQO
.0ao00e+00
.0000E+00
.0000E+00
.0000E+00
.000CcE+QQ
.0000E+Q0
.0000E+00

oDoOoOooocooo

20

.1323E-13
.0000E+0D0
.000CE+0OO
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.goaae+oo
.0o0oE+ao
.0ocaoe+a0a

oo oo0ooooo

CONCENTRATION [N [Cl/L]

30

.0000E+00
.00a0Ee+0a
.0000E+0D
.0oace+oo
.0000E+0Q0
.0000CE+GO
.0000E+0D
.Qooaoe+00
.00o0E+00
.000Q0E+0O

[ o 2 Y o Y 0 0 o 0 e O 450 Y e I

.0000E+00
.0000E+0Q0
.000CE+OO
.000CE+0O
.0000E+00
.0000E+00
.0000E+OO
.00G30E+00
.0000E+0O0
.0oaoe+Q0

O0C0cooocoOoOo0Ooo

.000CE+QO
.0000E+0O
.000CE+0D
.0000E+00
.0000E+0Q
.0cooe+00
.0000E+0D
.00doe+00
.00ooE+Q00o
.goaoe+aao

—————————— — ———————— ————— ——————— - ——— . —_ — —— — ————— ——————— ———— ————— A ——— i — - ———



10
20
30
40
50
60
70
80
70

10
20
34
40
50
&0
70
80
90

CcCOoOcooDooo o

cooooooocoo

cooocooocooo0

.0000E+00
.0000E+00
.0000E+00
.0000e+00
.0000E+00
.0000E+0O
.0000E+0D
.0000E+00
.00D0E+OO
.0000E+0C0

120

.0000E+CO
.0000E+0OO
.0000E+DO
.0000E+00
.00b0E+QGo
.0000e+00
.0000E+00
.0000E+Q0
.00aoE+00
.0oooe+0o

180

.0gooe+00
.0000e+00
.0000E+0D0
.0000e+00
.D0DoE+DO
.0000E+00
.00o0E+00
.0000E+00
.0000E+0O
.0000E+0O

ocooooCcoono o cCOoOocoDoDoOoocCcocooc o

cOooo0Ooocoo0ooo

70

.0000E+0O
.0000E+00
.0000E+CO
.0000e+a0a0
.0000E+0D
.0000E+00
.00go0e+00o
.00ooe+00
.0000E+00
.0ooae+00

130

.0aooE+0D
.0000E+00
.0000E+CO
.0000e+u0
.0000E+00
.gaooe+ao
.0aooE+QGOo
.0aooe+00
.0000E+OO
.0000E+00

170

.0oooE+00
.0000E+00
.00DOE+0O
.0000E+QO0
. 0000E+00
.00Q00E+00
.00o0E+00
.0000E+0O
.0000E+00
.0000E+0QQ

RESULTS

cOoOocCcococoOooo

ooocoocCcooc oo

CONT INUED

80

.000CE+00
.0000E+00
.0000E+0D
.0000E+00
.0000E+00
.00oge+0a0
.0000E+00
.0000E+00
.0000E+00
.0000e+u0

140

.0000E+00
.0000E+00
.0000E+DDO
.0000E+00
.0oooe+00
.0000E+00
.0000E+00
.0000e+u0
.000DE+OO
.0000e+00

cOoOooooooooo

oOCoooooocooo

90

.0000E+00
.000C0E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00O
.0000e+00

150

.000oE+00
.0000E+00
.0000E+0O
.0000E+00
.0000E+00
.0000E+00
.0000e+aa
.00ooE+00
.0000E+00
.0000&+00

OCcCOoOO0OoDoooo o

ocoocooOooCcoooo

100

.0000E+0D0
.0000E+0O
.0000E+0OO0
.0000E+00
.0000E+QO
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.0000E+00

160

.0000E+CO
.0000E+00
.0000E+00
.0000E+0O
.000CE+0D
.0a00E+00
.0000E+00
.0000E+0Q0
.0000E+00
.0000E+00

cooo0ooconooaoo

oO0ooOogococaoooo

PLUME - PAGE

110

.00BCE+CO
.0000E+00
.0000E+00
.0000E+00
.0000E+D0
.0000e+00
.0000E+00
.0000E+ua
.0000E+0Q0
.0000E+0a

170

.0000E+00
.0000E+00
.0000E+O0
.0000E+0D
.0000E+0Q
.000CEe+00C
.0000E+00
.0000E+00
.0oaoe+0a0
.0000E+00



T I I I I NI HNNHWNIINN PLUME 3NN INNHRNNRNNNRNNNNNRRE PAGE 1

CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE
OR NON-RADIOACTIVE TRACER I[N A HOMOGENEOUS TWO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

- ——— ——— - — . — T A G T — — ——— - — G - —— G SED S D s = " S . R R e S o e S S A G S - G G - - A

PN M IIEI NI NHIHINIHNNNNN INPUT DATA 336636 5 36 3 36 3 3626 26 7636 5 26 26 36 36 36 2 36 3 2 13 % % %

~

AVERAGE INTERSTITIAL VELOCITY: 2.02 ILM/DAY]

HALF LIFE TIME: 30.1 YRS
RETARDATION FACTOR: 1000

AQUIFER THICKNESS: 30.5 [M]
EFFECTIVE POROSITY: .3
LENGTH OF LINE SOURCE: 1 [M]

DISPERSIVITY IN X-DIRECTION: 7.3 [MI]
DISPERSIVITY IN Y-DIRECTION: 2.4 [M]
DISPERSIVITY IN Z-DIRECTION: 2.4 M1

VERTICAL POSITION OF SOURCE BENEATH SURFACE: O [M]
———————————————————————— SOURCE STRENGTH TABLE =—-====mmmm e

NUMBER OF DATA PAIRS IN TABLE: 3

TC 1 )=20 SEC Wi 1= 1 Cl/SEC
T2 )= 1 SEC Wwe 2 )= 1 Cl/sEC
T( 3 )= 1.0001 SEC W 3 )= 10 Cl/seC

DL. > .20 E -1°
" Hultighy by 10 Fo suce tremfl of (2 Cc



INPUT DATA -CONTINUED= ==--==-co=m=-oanon PLUME - PAGE 2

AREA UNDER PULSE IN GRAPH (= TOTAL MASS RELEASE):
TIME CENTROID: ©.787326E-06 DAYS (= .500025 SEC)

1.00005 CURLES

NUMBER OF DIVISIONS IN SOURCE PULSE: 10

CALCULATION TIME: 36500 DAY

——————————————————————————————— GRID DATA == m— e e e
DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3 [M]
X-COORDINATE OF ORIGIN OF GRID: 0O [M]

GRID SPACING IN X-DIRECTION: 10 [M]

NUMBER OF NODES IN X-DIRECTION: 20

Y-COORDINATE OF ORIGIN OF GRID: 0O [M]

GRID SPACING IN Y-DIRECTION: 10 [MT

NUMBER OF NODES IN Y-DIRECTION: 10

HHHIIHHINNINNRNFHNNNNNHNNN RESULTS 2363636336 36 3 36 36 36 3 3 36 36 3 3 IE 36 36 36 I 36 36 I6 I I 6 36 36 36 3 3 26 3 3 3 %

—— e ——— —— — —— ——— — o - —— — - o w w— am a a o— ——————

CONCENTRATION (N [Cl/L1

X=> 0 10 20 30 40 50

Y

0 -.1000E+01 0.5339E-12 0.9212E-12 0.1449E~11 0.2076E-11 D0.2711E-11
10 0.2447E-12 0.44633E-12 0.7995E-12 0.1257E~-11 0.1802E-11 0.23%3e-11
20 0.1602E-12 0.3033E-12 0.5234E-12 0.8231E-12 0.1179E-11 0.1540E-11
3Q 0.7901E-13 0.14946E-12 0.2982E-12 0.4060E-12 0.5818E-12 0.7598E-12
40 D.2940E-13 0.5567E-13 0.9607E-13 0.1511E-12 0.2165E-12 0.2827E-12
S0 0.8255E-14 0.1563E-13 0.2697E-13 0.4242E-13 0.6079E-13 0.7938E-13
.60 0.1749E-14 0.3313E-14 0.5716E-14 0.8989E-14 0.1288BE-13 0.1682E-13
70 0.2796E-15 0.5295E£-15 0.9137E-15 0.1437E-14 0.2059E-14 0.268%9E-14
80 0.3366E~16 0.6375E-~16 0.1100E-1S 0.1730E-15 D0.2479E-15 0.3237E~-15
70 0.2772E-17 D0.5250E-17 0.9059E-17 0.1425E-16 0.2041E-16 0.2666E-16

—— ——— ——— —— — — — — ——— ] ————— A ——— ————— ——— D D WD Goh = —— A A - - —— —————-



10
20
30
40
S0
60
70
ag
90

10
20
30
40
50
60
70
80
90

coooocoococoo

ooDoDocoocococoo o

cooocooocooca

.3226E-11
.2800E-11
.1833E-11
.9042E-12
.3364E-12
LF447E-13
.2002E~-13
.3200E-14
. 3852E-15
.3173k-16

120

.1303E-11
.1131E-11
.7401E-12
L3651E-12
.1358E-17
.3814E-13
.B084E~14
.1292E-14
. 1556E~15
.1281E-16

180

.18546E-13
.1611E-13
.1055E-13
.5202E-14
.1936E-14
.5435E-15
.1152E~1S
.1841E-16
L2216E~17
.1825E-18

- —— —— — ——— — ———— — —— — T — A — T ——— ——— - ——— — — S i SV SN GmS NS GE e G R S S S M . AR A A — A = . T WE e S e = -

cOoOcOCoOoo0ooo

cOooo0coocoo0ooo

O0oooOooDDoDOocoo 0

70

.3499E~11
.3036E-11
.1988E-11
.9806E~-12
.3649E-12
.1024E-172
.2171E-13
.3470E-14
.4178E-15
.3441E-16

130

.8091E~-12
. 7022E-12
.4597E-12
.2268E-12
.8437E-13
L2369E-13
.5021e~14
.8025E-195
.F662E-16
LI9S7E-17

190

.6602E-14
.5730E~-14
.3751E-14
.1850E-14
.6885E-15
.1933E-15
L4097E-16
.6548E-17
. 7884E-18
LO4F2E-19

RESULTS

[ I o O o Y o e Y e Y e e O )

coDpDoo0ooooooaa

CONTINUED

80

.3458E~-11
.3001E-11
L1965E-11
L9691E-12
.3606E~-172
.1012E-12
.2146E~-13
.3429E-14
L4129E-195
.3400E-16

140

L.4579E-12
L3974E-12
.2602E-12
.1283E-12
L4775E-13
.1341E-13
.2B42E-14
L4542E-15
.5468BE-16
.4503E-17

O00O0o0ooo0oco0o0ooa

coocooococooa

70

.3114E-11
.2703E-11
.1769E-11
.8728E-12
.3247E-12
.9118e-13
L.1932E-13
.3089e~-14
.3719E~-15
.3062E~16

150

.2362E-12
.20%0E-12
.1342E-12
.6620E-13
.2463E-13
.6916E-14
.1466E-14
.2343E-15
.2820E-16
.2323E~-17

ocdoocooocooo

oo0OcoooO0OoO00oo o

100

.2556E~-11
.2218E-11
.1452E-11
. 7163E-12
.2665E-12
.7483E~13
.1586E-13
.2535E~14
.3052E-15
.2513E-16

160

.1110E-12
.9635E-13
.6307E-13
.3111E-13
.1158E-13
.3251E~-14
.6889E-15
.1101E-15
.1326E-16
L1092E-17

COoOooOoocoOooooco

oO0OooOaooaoooaa

PLUME - PAGE

110

L1911E-11
L1659E-11
.1086E-11
.5357E-12
1993E-12
.S597E-13
.1186E-13
.1896E~14
.2282E-1S5
.1880E-16

170

.4755E-13
L4127E-13
.2702E-13
.1333E-13
.4959E-14
.1392E-14
.2951E-15
LAT716E-16
.5678E-17
L4676E-18

2

~



. . W~ —— A M ————— ————————— —— ——— ————— T — o —— ———

CALCULATION TIME: 36500 DAY

GRID DATA

DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3 [MI]

X-COORDINATE OF ORIGIN OF GRID: 0O LM]
GRID SPACING IN X-DIRECTION: 20 [M]
NUMBER OF NODES IN X-DIRECTION: 20
Y-COORDINATE OF ORIGIN OF GRID: 0O [MJ
GRID SPACING IN Y-DIRECTION: 20 [M]
NUMBER OF NODES [N Y-DIRECTION: 10

HHWWMNNNIHMRNNMNINNINHNNNNNN RESULTS 2533636 369 9 36 9 36 36 2 96 96 3 36 3 96 96 26 3 36 3 3 36 76 96 2 3 3 3 3 3 3 % %

CONCENTRATION IN LCl/L1]

X=> 0 20 40 60 80 100

Y

0 -.1000E+01 0.9212E-12 0.2076E-11 0.3226E-11 0.3458E-11 0.2556E-11
20 0.1602E-12 0.5234E-12 0.1179E-11 0.1833E-11 0.1965E-11 0.1452E~11
40 0.2940E-13 0.9607E-13 0.2165E-12 0.3364E-12 0.3606E-12 0.2665E-12
&0 0.1749E-14 0.5716E-14 0.1288E~-13 0.2002E-13 0.2146E~13 0.1586E-13
8a 0.33646E-16 0.1100E-15 0.2479E-15 0.3852E~15 D0.4129E-15 0.3052E-15
100 0.0000£+00 O0.0000E£+00 0.0000E+00 O0.000CE+00 O0.0000E+0C O0.000CE+0O0
120 0.0000e+00 O0.0000E+00 0.0000E+0C O.0D00O0E+00 0.0000E+00 0.0000E+00
140 0.0000e+00 0.0000£+00 O0.0000E+00 O.0000E+00 C.0O00CE+0C0 0.0O0OCCOE+0O0
160 0.0000E+00 0.0000E+00 O.0000E+0O0 O.0D00CE+DO0 0.00C0E+00 O.0000E+0O0
180 0.0000£+00 0.0000E+00 0.0000E+00 O0.0000E+00 0.0000CE+00 0.0000E+0Q



20
40
60
80
100
120
140
160
180

20
40
60
80
100
120
140
160
180

coOoocoooooo o coooooDoDocO0oo

cCoocooooooco

.1303E-11
.76401E-12
.13%8E-12

.B084E-14

.1556E-15
.0000E+Q0
.0000E+CO

.0000E+0Q

.0000e+00
.0oa0ae+00

240

.9331E~-17

.5301E-17

.9730E-18
.5790E~-19
.1114E-20
.0000E+0D0
.0000E+00
.0000E+00
.0000E+DO
.0oaoe+0a0

360

.0000E+00

.0000E+Q0

.0GooE+Q0

.0000E+QQ

.0000E+CO

.00ooe+Q0

.0000E+0C

.0000E+QO
.0000E+00D
.0000E+Q0

cooonooooo0o0o

oo oOoo0Oooooo

oo oOoOCcCooo o

140

L4579E-12
.2602E-12
L477SE~-13
.2B42E-14
.9468E-16
.0000E+00
.000BE+QD
.0000E+00
.0000E+0D
.0000E+Q0

260

. 3529E-18
.2Z005E~-18
.36B80E-19
.2190E-20
.4214E-22
.0000E+00
.0000E+CGOD
.0000E+00
.0000E+00
.0000Ee+00

380

.0000E+DOD
.0000e+00
.ggooe+Q0
.0000E+0QO
.000DE+00
.00aage+aa
.0000E+00
.0000E+0OD
.0000E+0D
.0000E+0Q

o — . — — - ———— - —— —— — — ———————— . —— —— A — " n - S = —— —_ I A A = . R A S e S S S A e Gt e - —

RESULTS

CoOocoOooo0oocoo o

[ I on R on Y o o Y u o0 O o Y e}

160

.1110E-12
.6307E-13
.1158E-13
.6889E-15
.1326E~-16
.0000E+QO
. 0000E+00
.0000E+00
.0000E+0DO
.goooE+0a

280

.7203E-20
.5229k-20
L9597E-21
.5710E-22
.1099E-23
.Qoo0ge+00
.0000E+00
.0000E+0Q
.000BE+00
.0000E+00

oo oCoooooo

cooocooacoaaoa

180

.1856E-13
.1055E-13
.1936E-14
.1152E-15
.2216E-17
.000o0E+00
.0000E+00
.Qgaoaoe+00
. 0000E+00
.0000E+00

300

.1655E-21
.9404E-22
.1726E-22
.1027E-23
.1976€E-25
.aoace+00
.0000E+0O
.0000E+00
.000CE+00
.0000E+0QO

odoococoonoo

o0ocOoooDoOoooo

200

.2140E-14
.1216E-14
.2232E-15
.1328E-16
.2555E-18
.0000E+00
. 0000E+00
.0000Ee+00
.0000E+00
.QaooEe+aa

320

.2053E-23
.1166E-23
.2141E-24
.1274E-25
.2652E-27
.0000e+00
.000a0e+00
.0gooe+00
.0000e+00
.0000E+00

COoOocoOooOocoOocoo

oOcocoogogaoooacaao

PLUME - PAGE

220

.1702E-15
.96468BE-16
1774E-16
.1056E-17
.2032E-179
.0000E+00O
.0000E+00
.0000e+00
.0000E+00
.000CE+QQ0

340

.0000E+0O
.0000E+00
.0000E+OO
.0o0goe+00
.0000E+00
.0000E+0Q
.0000E+00O
.0000E+0C
.0000E+00
.Q000E+Q0



WHHIIIHNHINHHNNINNNNNRINNNNNN PLUME MMM NN RNNR R KRR NNR  PAGE
CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE

OR NON-RADIOACTIVE TRACER IN A HOMOGENEOUS TWO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

—— —————— — —— ——————— ——— T —— —— T ———— —— " ——— . —— T —— . —_ —— — . ————— o = —— —

- n . ——— = . N - — ————— o — - WO T A S e ——— Y A A D . G ——— A - — D S — A A M SR M A s e M b SN . - ——— -

FIEIE MK H NN NNIIHNNHNNNNIN NN INPUT DATA 5963636363 3 36 33 3 3 3 3 36 36 5 3 3 36 3 3 23 5 3 36 96 3 X

AVERAGE INTERSTITIAL VELOCITY: .&7&6 IM/DAY]

HALF LIFE TIME: 30.1 YRS
RETARDATION FACTOR: 1000

AQUIFER THICKNESS: 30.5 Ml

EFFECTIVE POROSITY: .3

LENGTH OF LINE SOURCE: 1 [Ml

DISPERSIVITY IN X-DIRECTION: 2.6 [M]

DISPERSIVITY IN Y-DIRECTION: .87 [M]

DI1SPERSIVITY IN Z-DIRECTION: .87 Ml

VERTICAL POSITION OF SOURCE BENEATH SURFACE: 0 Ml
———————————————————————— SOURCE STRENGTH TABLE —---==—-emmm e e

NUMBER OF DATA PAIRS IN TABLE: 3

T( 1 )=20 SEC Wi 1 )= 1 Cl/SEC
T 2 )= 1 SEC W 2 7= 1 Cl/SEC
(¢ 3 )= 1.0001 SEC Wi 3 )= 0 Cl/SEC



INPUT DATA -CONTINUED- PLUME - PAGE ¢

(= TOTAL MASS RELEASE):
.S00025 seC)

AREA UNDER PULSE IN GRAPH 1.0000% CURIES

TIME CENTROID: 5.787326E-06 DAYS (=

NUMBER OF DIVISIONS IN SOURCE PULSE: 10

CALCULATION TIME: 346500 DAY

——————————————————————————————— GRID DATA =m—m o e
DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3 [M]
X-COORDINATE OF ORIGIN OF GRID: 0O [M]

GRID SPACING IN X-DIRECTION: 10 [M]

NUMBER OF NODES IN X-DIRECTION: 20

Y-COORDINATE OF ORIGIN OF GRID: 0O [M]

GRLID SPACING IN Y-DIRECTION: 10 [M]

NUMBER OF NODES IN Y-DIRECTION: 10

KNI HHNI NN HHIHINHNNNN® RESULTS 3363633636 5 3 363 3 3 36 3 3 3 3 3 36 I 3 3 3 3 3 36 3 3 I 9 3 36 3¢ 2 % 3% -

CONCENTRATION IN [Cl/L1]

X=> g 10 20 30 40 S50

Y

0 -.1000E+01 0.3271E-10 0.6953E-10 0.6779E-10 0.3031E-10 0.6217E-11
10 0.2207E-11 0.1023E-10 0.2173E-10 0.2119E-10 0.9475E-11 0.1943E-11
20 0.6768E-13 0.3136E-12 0.66566E-12 0.46498E-12 0.2906E~12 0.5961E-13
30 0.2040&-15 0.9453E~15 0.2009E~14 0.1959€E-14 0.8760E-15 0.1797E-15
40 0.0000E+00 O0.0000E+400 0.00D0E+00 O0.0000E+00 O.0000E+00 0O.0000E+00
S0 0.0000&+00 O0.000Q0E+0O0 0.0000E+00 0O.0000GE+00 0.0000E+0Q0 0.000CE+OQQ
60 0.000CE+00 O0.000DCE+00 0.0CO0OCE+00 0.0000E+00 O0.0000E+Q00 0.0000E+Q0
70 0.0000E+00 0.0000E+00 0.0000E+00 0.00CCE+00 O.0000E+00 0O.0000E+00
80 0.0000E+CO D.00DCE+O0O O0.0000E+00 O.0000E+00 0.u00OBE+00 O.0BOCGE+OO
70 0.0000E+00 0.0000E+400 0.0000E+00 O0.0000E+C0 0.0000E+00 0.0000E+00



10
20
30
40
S0
60
70
80
90

10
20
30
40
SO
&0
70
80
90

COoooooooo coOoOoocooooooO

coooocoQoooOoo

.5850E-12
.1828E~12
.560B8E~-14
.1690E-16
.0600E+00
.0000E+0Q
.0000E+GO
.0000Ee+00
.0000E+CO
.0000E+Q0

120

.0000E+O0
.0000E+0O0
.000DE+00
.0000E+0Q
.000C0E+Q0
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00Q

180

.0000E+00
.0000&+00
.000DE+OD
.000DE+00
.0000E+CO
.0000E+0C
.0000E+O00
.0000&+00
.0000E+00
.0000E+00O

ocooooOooooo

oOO0OooocoooO0oao

oogoco0oopoocooca

.2524E-13
. 7890E~-14
.2420E-15
. 7295E-~-18
.0C00E+CQO
.0000e+00
.0C00E+QQO
.0000e+00
.0ocooe+00
.00a0e+00

130

.0CO0E+00
.0000e+00
.0000E+00
.00c00E+00
.0oooE+00
.0000E+00
.0000E+Q0
.0oooe+00
.0000E+0D
.0000Ee+00

190

.0000E+00
.goooe+00
.000DE+0D
.0000e+00
.000C0E+00
.0000e+00
.0000E+00
.0agoe+00
.0000E+00
.0000e+00

O0COoOOoOoOOCoo0o0oo0

OCOoOocOocooocoOooaa

.4997E-1S
.15462E-15
.4790E-17
L1444E-19
.0000e+0Q0
.00goEe+00
.0000E+00
.0000E+0Q
.0000E+O0O
.0000E+00

140

.000CE+0DO
.0000E+QQ
.0000E+00
.0000e+00
.0000E+0Q
.0000E+Q0
.00D00E+00
.0aooe+00
.0000E+00O
.0000E+00

0.4536E~17 0.
0.1418E-17 0.
0.434%E~-19 0.
0.1311E~21 0.
0.0000E+00 0.
0.0000E+00 0.
0.0000E+00 O.
0.0000E+0Q O.
0.0000e+0070.
0.0000E+00 O.

0.0000E+Q0D O.
0.000CE+Q0 0.
0.0000E+0C O.
0.0000E+00 O.
0.000DE+0D O.
0.0000E+00 O.
0.0O0DE+00 O.
0.0000E+00 O.
0.000CE+C0 O.
0.0O00E+00 O.

150

100

1889E~19
S905E-20
1811E-21
S5459E~-24
CoCCoE+00
0000E+00
CoOOoE+0OQ
0OO00E+00
0O00E+00
goooe+00

160

goo0E+00
0000E+00
0000E+00
0aoo0E+00
OO00CE+0D
coooe+00
CO0OQE+OO
0000E+00
0000E+O00
gOoo00E+00

OO0OocoDoo0ooooo0

OoO0ocoocoocooo

P S

PLUME - PAGE

110

.3609E~-22
.1128E-22
. 3460E-24
.1043E-26
.000CE+CaA
.0000E+QQ0
.0000€E+00
.00aoE+QO
.0000E+CO
.0000E+QQ

170

.0000E+00
.0000E+Q0
.0000E+OO0
.0000E+00
.0000E+00
.0000E+Q0
.0000E+00
.0000E+00
.0000E+00
.0000E+QO

~



APPENDIX A-3

CESIUM-137
Dy = 1/10(Dx)



I H NN NI WNIHHNHNNN PLUME  HHMMHHH NN NNRNNRRRRRRURARR  PAGE
CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE

OR NON-RADIOACTIVE TRACER I[N A HOMOGENEOUS TwO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

FEH IR NNN N MM RINHNNINNNN INPUT  DDATA 336363633 33363 5 3 636 3 3 I 3 3 % 2 % 3 3% %%
AVERAGE INTERSTITIAL VELOCITY: .676 [M/DAY]

HALF LIFE TIME: 30.1 YRS
RETARDATLION FACTOR: 1000

AQUIFER THICKNESS: 30.5 M1

EFFECTIVE POROSILITY: .3

LENGTH OF LINE SOURCE: 1 [M]

DISPERSIVITY IN X-DIRECTION: 2.6 [M]

DISPERSIVITY IN Y-DIRECTION: .26 M7

DISPERSIVITY IN Z-DIRECTION: .26 [M]

VERTICAL FOSITION OF SOURCE BENEATH SURFACE: 0 M1
———————————————————————— SOURCE STRENGTH TABLE -—==———=———=——mm e

NUMBER OF UATA PAIRS IN TABLE: 3

T( 1 )= 0 SEC Wi 1 9= 1 Cl/SEC
T( 2 )= 1 SEC Wi 2 )= 1 Cl/SEC
T¢C 3 )= 1.0001 SEC We 3 )= 10 Cl/SEC



- e o ——— — — o o~ —— —— v ————————— - ——

PLUME - PAGE

AREA UNDER PULSE IN GRAPH (= TOTAL MASS RELEASE): 1.00005 CURIES

TIME CENTROID: $.787326E-06 DAYS (= .500025 SEC)

NUMBER OF DIVISIONS IN SOURCE PULSE: 10 -
CALCULATION TIME: 36500 DAY

——————————————————————————————— GRID DATA ==—=—=——mm e m oo
DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3 [M]
Xx-COORD INATE OF ORIGIN OF GRID: 0O M]

GRID SPACING IN X-DIRECTION: 10 [M]

NUMBER OF NODES IN X-DIRECTION: 20

Y-COORDINATE OF ORIGIN OF GRID: O M1l

GRID SPACING IN Y-DIRECTION: 10 [M]J

NUMBER OF NODES LN Y-DIRECTION: 10

HHIIHHINHHIHRNNMNHNRKHNHHWN® RESUL TS 33633636 3 3 3 3 3636 3 3 3 3 3 3 3 3 36 3 36 26 36 36 3 96 9 36 3 3 3 ¥ 3 3¢ 3¢

- —— i ——— . ——n — ———————

CONCENTRATION IN [CL/L1

X=> 0 10 20 30 40 S0

Y

o -.1000E+4+01 0.8539E-10 0.1815E-09 0.176%9E-09 0.7913E-10 0.1623&E-10
10 0.3841E-12 0.1780E-11 0.3763E-11 0.3688E-11 0.1649E~-11 0.3383E-12
20 0.0000E+00 0.0000E+00 O0.0000E+00 O0.000C0E+00 0.0000E+40C 0.0000E+00
30 0.0000e+00 0.0QCO00E+00 0.0000E+00 0.0000E+00 0.0000E+0Q0 O0.0Q0O0CE+DO
4u 0.0000E+00 D.0000E+DO 0O.0C0DO0OE+DD O.0000DE+0O0 O.00ODE+O00 D.ODDDE+DQO
50 0.0000E+00 0.0000E+00 O.0000E+00 O0.0000E+00 0.0000E+00 0O.0Q0CE+OQ
&0 0.0000e+00 O.0OOOE+00 O0.DO0OCE+QC O0.0000E+00 O.00OCOE+00 0O.0000E+0Q
74 0.0000E+00 0.0000E+400 0.0000E+00 CO.000CE+00 0.0000E+00 OQ.0000&+0QQ0
8D 0.0000E+00 O.00COE+400 CG.00O00E+00 O0.0000E+00 0.0000E+00 O0O.0D00E+00
90 0.0000E+00 0.0000E+00 O0.00Q0C0E+00 O0.0000E+0C 0.0000E+00 0.0000CE+00



10
20
34
40
=10
&0
70
80
90

10
20
30
40
50
60
70
80
90

oocooooooooca oDoooOoCcoocooo

CoOoooooooc oo

.1527e-11
.3183E-13
.0000E+00
.0000e+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

120

.0000E+00
.0o0ae+aa
.0000E+0OD
.0000E+00
.0000E+0D
.0000E+0D0
.0000E+00
.000CE+00
.000BE+0O0
.0000e+00

180

.0000E+0C
.00aoE+aa
.0008E+00
.0000E+00
.0000E+00
.0000E+00
.00CBE+00
.0000E+0Q0
.0000E+0D0
.000oe+00

cooCcocoooooO OoO0ocoOoOooOoococoo

coopoooOooocoo

70

.6589E-13
L1373E-14
.0000E+00
.0oooe+00
.0000E+0D
.0000E+00
.0000E+00
.0000E+00
.0oooE+00
.0000E+00

130

.0000E+00
.00ccEe+Qa
.0000E+00
.0000E+00
.0000E+0O0
.0000&+00
.0000E+DO
.00C0E+0OO
.0000E+00
.0000E+00

1790

.0000E+0O0
.0000E+00
.0000E+00
.0000E+Q0
.0000E+00
.0000E+00
.0000E+0D
.0000E+0D0
.0000E+D0
.0000E+Q00

RESULTS

oOo0ocoocoDooDo o

[ T o Y Y Y s O 0 s O

CONT INUED

80

.1304E-14
.27 10E-16
.0000E+0D
.0000E+00
.00o0E+00
.00a0e+00
.0000E+00
.0oooe+0a
.00BBE+00
.0000E+00

140

.000BE+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0D
.0000E+00
.0000E+00
.00QO0E+00
.0000E+00
.0000e+00

oOoo0ocDoDODoOooOoooaoo

coococooocoooa

90

.11B4E-16
.24468E-18
. 0000E+00
.0000E+00
.0000E+00
.000oe+00
.0000E+00
.0000E+00
.000DE+00
.0000E+00

150

.0000E+00
.0000E+00
.00D0DE+0OO
.0000E+00
.0000E+0O0O
.0000E+00
.000CE+DQ
.0000e+00
.0000E+00
.0000E+00

- —— ——— o ————— — —

| o v I e Y o Y o Y Y 0

coocOoocoocOoOoo

100

L4931E-19
.1028E-20
.0000E+0DO
.0000E+00
.0000E+00
.0o0oe+00
.0000E+0O
.00a0E+00
.0000E+00
.0000E+00

160

.0000E+0D
.0oooe+00
.0000E+0O
.0000E+0Q
.0000E+DD
.0goaoe+0a0
.0000E+DD
.0000E+QO
.00B0E+DO
.0000ke+0a

oOoocooOocoocooo

CcCOocOoOoDocoOooo

PLUME - PAGE

110

.9420E-22
.1963E-23
.0000E+00
.0000E+0Q0
.0000Ee+00
.0000E+00
.0000E+00
.0000e+040
.0000E+DO
.00C0E+0O

170

.000B0E+00
.0000E+00
.0000E+0O0
.0000e+00
.0000E+0QO
.0000e+00
.0000E+00
.0000E+00
.0000E+00
.0000QE+00



FHHHHHHNIH IR NN INNHNNNN PLUME %MWM NRRNNNRRRRRRNNRRX RN PAGE
CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE

OR NON-RADIOACTIVE TRACER IN A HOMOGENEOUS TwO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

. - ——— — i — — . N . —e . M . . - —— D fER G o . ——— it ————— ————— - " ———— ———
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P2 I IEH I I H I HH NI NI IHNINWHN LNPUT DATA 333366 3 2636 36 3 6 36 3 3 3 3 36 3 36 3 J6 3 36 696 36 36 3 3¢ %
AVERAGE INTERSTITIAL VELOCITY: 2.02 LM/DAY]

HALF LIFE TIME: 30.1 YRS
RETARDATION FACTOR: 1000

AQUIFER THICKNESS: 30.5 [M]

EFFECTIVE POROSITY: .3

LENGTH OF LINE SOURCE: 1 (Ml

DISPERSIVITY IN X-DIRECTION: 7.3 IIM]

DISPERSIVITY I[N Y-DIRECTION: .73 [mM]

DISPERSIVITY IN Z-DIRECTION: .73 M7

VERTICAL POSITION OF SOURCE BENEATH SURFACE: 0 [M]
———————————————————————— SOURCE STRENGTH TABLE -~=---------e—mmemmmmmm e~

NUMBER OF DATA PAIRS IN TABLE: 3

TC 1 )=20 SEC W1 )= 1 Cl/SEC
T( 2 )= 1 SEC Wwe 2 )= 1 Cl/SEC
T( 3 )= 1.0001 SEC W 3 )= 10 Cl/SEC



INPUT DATA -CONTINUED- PLUME - PAGE

—— - - ——— i —— o ————

(= TOTAL MASS RELEASE): 1.0000S CURILES

.500025 SeC)

AREA UNDER PULSE IN GRAPH
TIME CENTROID: 5.787326E-06 DAYS (=

NUMBER OF DIVISIONS IN SOURCE PULSE: 10

CALCULATION TIME: 36500 DAY

——————————————————————————————— GRID DATA =—mm=mmmmm e m oo
DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3 [M]
X-COORDINATE OF ORIGIN OF GRID: O LM]

GRID SPACING IN X-DIRECTION: 10 M

NUMBER OF NODES IN X-DIRECTION: 20

Y-COORDINATE OF ORIGIN OF GRID: O M1

GRID SPACING IN Y-DIRECTION: 10 [M]

NUMBER OF NODES IN Y-DI{RECT{ON: 10

HRHFIHMMMINNMN RN NNNHHNINNNN RESUL TS 555936236 3 3 3 33 36 3 63 33 3 36 3636 369 36 3 36 36 96 96 3 36 36 3 3 2 %

CONCENTRATION IN [C1/L]

- - ——— - . - ———

g 10 20 34 40 S0

Y

o -.1000E+01 0.1684E-11 0.2906E-11 0.457DE-11" 0.655S0E-11 0.8553E-11
10 0.5590E~12 0.1059E-11 0.1827E-11 0.2873E-11 0.4117E-11 0.5376E-11
20 0.1388E-12 0.2629E-12 0.4537E~-12 0.7134E-12 0.1022E-11 0.1335E-11
34 0.1366E~13 0.2987E-13 0.4465E-13 0.7021E-13 0.1006E-12 0.1314E-12
40 0.5329E~-15 0.1009E-14 0.1741E-14 0.2738E-14 0.3924E~14 0.5124E-14
=18 0.82726-17 0.1966E~-16 0.2703E-16 0.4251E-16 0.6092E-16 0.7955%E-16
&0 0.0000+400 C©C.0000E+00 D.000DE+00C 0.0000E+00 O.0GOBE+0C0C 0.000CE+OQ
70 0.0000e+00 O0.0000E+00 O0.0000E+0D O.0000E+00 0.0000E+00 0.0D0DE+0Q
80 0.000CE+00 0.0000E+00 0.0000E+00 0.0000E+00C 0.0000E+00C 0.000CE+QO
70 0.0000&+00 O0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+0Q

e e v — - — - ——— - —— e ———— ——— T ——— . — - —— A = ——— - —— A - — =
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10
20
34
40
50
&0
70
80
90

10
20
340
40
50
60
70
80
70

ocococooo0oocogoao

cOoOoO0Ooocaoooo

DoooooDooo o

.1018e-10
.6398E-11
.1589E-11
.1564E-12
.6098E~14
.F467E-16
.0000E+Q0
.0000E+00
.0000E+0C0
.C000E+QQ0

120

.4110E-11
.2583e-11
.6416E-12
.6314E-13
L24862E-14
.3823E-16
.0000E+00
.0000E+00
.0000E+QD
.0000E+DO

180

.5856E~13
.3681E-13
L.7141E~-14
.B9946E~15
.3508E~16
.S444LE~18
.0000E+00
.0000E+Q0
.0000E+00
. 0000E+0Q

DoocococoOcoao cOoOoCcoooooao

OCooDoOoocoOoooO

70

.1104E-10
.6938E-11
.1723E-11
.1696E-12
.6613E-14
.1027E-15
.0000E+GD
.0000E+0Q0
.0000E+00
.0000e+00

130

.2553E-11
L1604E-11
.3985E~-12
.3921E-13
.1529E-14
L2374E~16
.0000E+00
.0oooE+00
.0000E+00
.0000E+00

190

.2083E-13
.1309E-13
.3251E-14
.3200E-15
.1248BE-16
.1937E-18
.000CE+0O
.0000E+00
.0000E+DD
.0oaoe+00

RESULTS

ocoocoooDoooo

coo0OoOCoooco

CONT INUED

BO

.1091E~-10
.6B857E-11
.1703E-11
L1676E-12
.6536E~14
.1015E-15
.0000E+DO
.000CE+00
.0000E+00
.0000E+Q0

140

.1445E-11
.92081E-12
.2255E-12
.2220E-13
.B656E-1S
.1344E-16
.0000E+00
.0000E+00
.0000E+00
.0oaoe+Qa

cooo0ooooooo

OoO0oco0ooppocoooo

<0

.9825E-11
L6175E-11
.1934E-11
.1509E-12
.5886E-14
.713BE~-16
.0000E+00
.0000E+OO
.0000E+00
.0000E+Q0

150

. 7452E-12
L4684E-12
.1163E-12
.1145E-13
L4465E~195
.6931E~-17
.0000E+GO
.0000E+00
.000CE+00
.0000E+00

[ I o o i Y om Y om0 Y s Y

coOoCcoo0ocOooo

100

.8063E-11
.5068E-11
.1259E-11
.1239E-12
.4B31E-14
.7499E-16
.00D0E+0O0
.0000E+0Q
.0000E+00
.0000Ee+d40

160

.3503E-12
.2201E-12
.5667E-13
.5381E-14
.2098E~15
.3258E-17
.0000E+D0D0
.0000E+00
.0000E+0O
.0o000E+00

cCcoO0ooo0oco0o o

[n o Y on [ 5 Y e Y 0 Y e Y o Y o Y )
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110

.6030E-11
.379CE-11
.2413E-12
.9264E-13
.3613E-14
.S5609E~-16
.0000E+0C
.00D0E+0DO
.0000E+00
.00400E+0a

170

.1500E-~12
.9429E-13
~2342E-13
.2305E-14
.8988E-16
L1395e~17
.0000E+00
.0000e+00
.0000E+0D
.0000E+00
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10
20
3a
40
50
60
70
aa
90

10
20
30
40
S50
&0
70
80
70

ooooooOoooao

CcoocoDOoo0ocoooa

OOooooCocaooooo

.4110E-11
.2583E~-11
.b416E-12
L6314E-13
.2462E~14
. 3823E-16
.0000E+00
.00ooe+00
.0000E+00
.0000e+00

240

L2944E-16
.1850E~-16
.4595E-17
.4522E-18
L1764E-19
.2738E-21
.0000E+0O0
.0000E+QO
.0000E+00
.0000E+0QQ

360

.0000E+0O0
.0o000E+Q00
.0000E+00
.0000E+00
.0C00E+00
.0000E+00
.0000E+00
.0a0oe+00
.0000E+00
.00aoe+0a

—— o —— o — - - —— - - —— —— —— — " G— - —— T ————————— —— —— o —— —— _— —— - — — S = m Y - - —— A —— —

cOoOocoocoooao

OOoOococoogoooag

COoOoO0o0oOoOo0oo

140

.1445E-11
.9081E-12
.2255E-12
.2220E-13
.8656E-~15
.1344E-16
.0000E+00
.0000e+00
.0000E+00
.0000E+00

260

L1113E~17
.6997E-18
.173BE-18
.1710E-19
.6670E-21
.1035E-22
.0000E+0D
.0000E+00
.0000E+00
.0000e+00

380

.00D0BE+0O0
.0000E+00
.0000E+00
.0000&e+00
.0000E+Q0
.000cE+a0
.0000E+0O
.0000E+Q0
.0000E+00
.0oaoe+0a

RESULTS

Cooocooococoo

oO0Oo0OOoO0Oocoao

CONTINUED

160

.3503E-12
.2201E-12
.5467E-13
.5381E~-14
.2098E-15
.3258E-17
.0000E+00
.goaae+aoa
.0000E+00
.0000E+00

280

.2903E-19
.1825E-19
.4532E~20
L4460E-21
.1739E-22
.2700E-24
.0000E+0D
.0000E+0Q
.0000E+00
.0000E+00

oOoocooooocoo

o0O0ocooo0ocoQoo

180

.5856E-13
.3681E-13
LTF141E-14
B996E-15
.3508E-16
.S4446E-18
.0000E+00
.0000E+00
.0oooe+00-
.0000E+0Q0

300

.5222E-21
.3282E-21
.8152E-22
.8022E-23
.3129E-24
.4B857E-26
.0000BE+0D
.0000E+00
.0000E+QD
.goaooe+aa

oOocooooooo

[ mn I om0 J vmo Y 0 Y m I am Y ww Y o

200

.6752E-14
LL2446E-14
.1094E-14
.1037E-15
.4045E-17
LAL279E-19
.0000E+00
.0000E+00
.000BE+00
.0000e+00

320

L6LT77E-23
.4071E-23
.1011E-23
.9950E-25
.388B1E-26
.6024E~28
.0000E+00
.Qogoe+aoa
.0000E+00
.0aaoe+aa

coOoocococaoooaoa

oOoCocOocoooocoo
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2210

.5369E-15
.3374E-15
.8380E-16
.B8247E-17
.3216E-18
.4993E-20
.0000E+00
.Q000E+0O
.0000E+00
.0000E+00

340

.0000E+0C
.0000&+00
.0000E+D0
.0000E+CQ
. 0000E+00
.0000E+Q0
.0oooe+00
.000ae+0a
.000CE+0Q
.QoQoe+00



APPENDIX A-4

URANIUM-234/238
10 YEARS
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CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE
OR NON-RADIOACTIVE TRACER IN A HOMOGENEOUS TWO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

U 234/238 3650 d .2 CI south

- S — — TP D G D G D D D D G . . - Y G > SID WIS TR PR T T S e G D G o T - —— W — D - - -

khkkkkhkhkhkhhhkhkkkhkhkkkkkkkkxx TNPUT DATA ek ek ek ok ek ok
AVERAGE INTERSTITIAL VELOCITY: .676 [M/DAY]

HALF LIFE TIME: 1E+09 YRS
RETARDATION FACTOR: 151

AQUIFER THICKNESS: 30.5 [M]

EFFECTIVE POROSITY: .3

LENGTH OF LINE SOURCE: 1 ([M]

DISPERSIVITY IN X-DIRECTION: 1.6 [M]

DISPERSIVITY IN Y~DIRECTION: .5 [M)

DISPERSIVITY IN Z~DIRECTION: .5 (M]

VERTICAL POSITION OF SOURCE BENEATH SURFACE: 0 [M]
------------------------ SOURCE STRENGTH TABLE =====m=-seecmcaccodeocancan

NUMBER OF DATA PAIRS IN TABLE: 3

T(1)=0 SEC W(1l)= .2 CI/SEC
T( 2 )= 1 SEC W( 2 )= .2 CI/SEC
T( 3 )= 1.0001 SEC W(3)= o0 CI/SEC



AREA UNDER PULSE IN GRAPH (= TOTAL MASS RELEASE):

TIME CENTROID:

NUMBER OF DIVISIONS IN SOURCE PULSE:

CALCULATION TIME:

3650 DAY

10

5.787326E-06 DAYS (= .500025 SEC)

DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3

X-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

Y-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

ORIGIN OF GRID:
X-DIRECTION:
IN X-DIRECTION:

ORIGIN OF GRID:
Y-DIRECTION:
IN Y-DIRECTION: 10

0 [M)
10 [M]
20

0 [M]
10 (M}

PLUME - PAGE 2

.20001 CURIES

GRID DATA ==m====—m——==—m—e—cmom—m— e

(M)

kkhkkhkkkhkhkkkhkhhkhkkhkkkkhkkk RESULTS %%k kdkdddhhidkkikdkkkkkkdkkkkkkkdkkkkikkikk

-.1000E+01
0.1288E-10
0.1392E-14
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0Q0
0.0000E+00
0.0000E+00

0.2366E-08
0.1127E-09
0.1217E-13
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

20

0.3057E-08
0.1456E-09
0.1573E-13
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

CONCENTRATION IN (CI/L]

30

0.5836E-09
0.2780E-10
0.3003E-14
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.1645E-10
0.7838E~12
0.8467E-16
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.6854E-13
0.3265E~-14
0.3527E-18
0.0000E+0Q0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

D D Gt A D D G D D G T WS S G G Y D S P Y D G T D G T - D - CED G S . G A D D S G S D G S = G2 S RS NP Wn SED = T S D — -



10
20
30
40
50
60
70
80
20

10
20
30
40
50
60
70
80
90

X=->

0.4217E-16
0.2009E-17
0.2170E-21
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0Q0
0.0000E+00

120

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

180

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

70

0.3833E-20
0.1826E~-21
0.1972E-25
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

130

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

190

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

80

0.0000E+NN
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

140

0.0000E+00
0.0000E+00
0.0000E+0Q0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

90

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

150

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0O0
0.0000E+00

100

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00O
0.0000E+00

160

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

RESULTS CONTINUED e==v-w--—eecccce-x PLUME -~ PAGE

110

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0O
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

170

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0Q0
0.0000E+00
0.0000E+00
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CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE
OR NON-RADIOACTIVE TRACER IN A HOMOGENEOUS TWO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

- S P D S i D W D D I W S R W D S W AP S N G G P G G G S G P G e G P G SIS D SIS GIn e e G G L P D G G Wb WD M GG D ED A G D D W R G AE W A

U234/238 .2 CI west , e S

——— i R W e S W G WD s R L T D A WE iR S G G G TR N D G TR TR G D L W A W T G T VL W TR GE G MR TR R D G R G W S TS W TS T S W CHS T G W G S W W e S G

hhkhkkkRRARAAhkhrkhkrkhkkhkhkkkkhkrkk TNPUT DATA *hkhhhkhhhhhhhhhhhhhhkhhhhkhhhkk
AVERAGE INTERSTITIAL VELOCITY: 2.02 [M/DAY]

HALF LIFE TIME: 1E+09 YRS
RETARDATION FACTOR: 151

AQUIFER THICKNESS: 30.5 [M]
EFFECTIVE POROSITY: .3

LENGTH OF LINE SOURCE: 1 [M]
DISPERSIVITY IN X-DIRECTION: 5 [M]

DISPERSIVITY IN Y-DIRECTION: 1.6 [M]
DISPERSIVITY IN Z-DIRECTION: 1.6 ([M]

VERTICAL POSITION OF SOURCE BENEATH SURFACE: 0 (M]

------------------------ SOURCE STRENGTH TABLE —=====-=—mm— e mmce e
NUMBER OF DATA PAIRS IN TABLE: 3

T(1 )= 0 SEC W(1l)= .2 CI/SEC
T( 2 )= 1 SEC W( 2 )= .2 CI/SEC
T( 3 )= 1.0001 SEC W(3)= 0 CI/SEC



AREA UNDER PULSE IN GRAPH (= TOTAL MASS RELEASE):

TIME CENTROID:

NUMBER OF DIVISIONS IN SOURCE PULSE: 10

CALCULATION TIME:

5.787326E-06 DAYS (=

3650 DAY

GRID DATA

.500025 SEC)

.20001 CURIES

DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3

X-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

Y-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

ORIGIN OF GRID:
X~DIRECTION:
IN X-DIRECTION:

ORIGIN OF GRID:
Y-DIRECTION:
IN Y-DIRECTION:

0 [M)
10 [M]
20

0 [M)
10 [M]
10

PLUME -~ PAGE 2

hhhkkkhhkhkkkhkhkhkhdhkhkkhkhkkik RESULTS ik dedkdddddkdkdk kkkdkdkdkdkkkkikhkkkikkkkkikkk

-.1000E+01
0.9641E-11
0.3692E-11
0.7463E-12
0.7979E-13
0.4513E-14
0.1364E-15
0.0000E+00
0.0000E+00
C.0000E+0O

0.3258E-10
0.2366E-10
0.9058E-11
0.1831E-11
0.1958E-12
0.1107E-13
0.3346E-15
0.0000E+00
0.0000E+00
0.0000E+00

20

0.6514E-10
0.4730E-10
0.1811E-10
0.3661E-11
0.3914E-12
0.2214E-13
0.6690E~-15
0.0000E+00
0.0000E+00
0.0000E+00

CONCENTRATION IN [CI/L)

30

0.1061E-09
0.7705E-10
0.2950E-10
0.5965E-11
0.6376E-12
0.3606E-13
0.1090E-14
0.0000E+00
0.0000E+00
0.0000E+00

-—r A G —— —— = - -

0.1409E~-09
0.1023E-09
0.3916E-10
0.7917E-11
0.8464E-12
0.4787E-13
0.1447E-14
0.0000E+00
0.0000E+00
0.0000E+00

0.1523E-09
0.1106E-09
0.4235E-10
0.8563E-11
0.9154E-12
0.5177E-13
0.1565E-14
0.0000E+00
0.0000E+00
0.0000E+00



10
20
30
40
50
60
70
80
90

10
20
30
40
50
60
70
80
90

- - . D = — D D —— - — S S W W G D W - —— S S G G A D D e S D G e S G M S SMP GED GES G GED W AW WIS S G S =

0.1343E-09
0.9748E-10
0.3733E-10
0.7546E-11
0.8067E-12
0.4563E-13
0.1379E-14
0.0000E+00
0.0000E+00
0.0000E+00

120

0.8525E-12
0.6190E-12
0.2370E-12
0.4792E-13
0.5123E-14
0.2897E-15
0.8756E-17
0.0000E+00
0.0000E+00
0.0000E+0Q0

180

0.3400E-17
0.2469E~-17
0.9454E~18
0.1911E-18
0.2043E-19
0.1156E-20
0.3492E-22
0.0000E+00
0.0000E+00
0.0000E+00

70

0.9640E-10
0.7000E-10
0.2680E-10
0.5418E-11
0.5793E-12
0.3276E-13
0.9900E-15
0.0000E+00
0.0000E+00
0.0000E+00

130

0.1791E-12
0.1301E-12
0.4981E-13
0.1007E-13
0.1076E-14
0.6088E~16
0.1840E-17
0.0000E+00
0.0000E+00
0.0000E+00

190

0.2091E-18
0.1518E-18
0.5813E~-19
0.1175E-19
0.1256E-20
0.7106E-22
0.2147E-23
0.0000E+00
0.0000E+00
0.0000E+00

80

0.5640E-10
0.4095E-10
0.1568E-10
0.3170E-11
0.3389E-12
0.1917E-13
0.5793E-~15
0.0000E+00
0.0000E+00
0.0000E+00

140

0.3067E~13
0.2227E-13
0.8528E-14
0.1724E-14
0.1843E-15
0.1042E-16
0.3150E-~-18
0.0000E+00
0.0000E+00
0.0000E+00

90

0.2689E-10
0.1952E-10
0.7476E-11
0.1511E-11
0.1616E-12
0.9138E-14
0.2761E-15
0.0000E+00
0.0000E+00
0.0000E+00

150

0.4279E-14
0.3107E-14
0.1190E-14
0.2405E-15
0.2571E-16
0.1454E~-17
0.4395E-19
0.0000E+00
0.0000E+00
0.0000E+0Q0

100

0.1044E-10
0.7584E-11
0.2904E-11
0.5871E-12
0.6276E~13
0.3550E-14
0.1073E-15
0.0000E+00
0.0000E+00
0.0000E+00

160

0.4864E-15
0.3532E-15
0.1352E-15
0.2734E-16
0.2923E-17
0.1653E-18
0.4996E-20
0.0000E+00
0.0000E+00
0.0000E+Q0

PLUME - PAGE

110

0.3306E-11
0.2400E-11
0.9191E-12
0.1858E~-12
0.1986E-13
0.1123E-14
0.3395E-16
0.0000E+00
0.0000E+00
0.0000E+00

170

0.4505E-16
0.3271E-16
0.1253E-16
0.2532E-17
0.2707E-18
0.1531E-19
0.4627E-21
0.0000E+00
0.0000E+00
0.0000E+00

3
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kkhkkhkkhkhkhkhkhkhhhkkhkkhkkkkkkkk DILUME hikkkkhhkdhhkhhkkkhkkhkhkkhkkkkkhkkkk PAGE 1
CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE

OR NON-RADIOACTIVE TRACER IN A HOMOGENEOUS TWO- OR THREE=-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

KkkhkhkhhhhhhkhhRh Rk hrAkhkkhkdd TNDUT DATA e kdedodddde sk ek dede sk ke e e de e e e ok o
AVERAGE INTERSTITIAL VELOCITY: .676 [M/DAY]

HALF LIFE TIME: 1E+09 YRS
RETARDATION FACTOR: 151

AQUIFER THICKNESS: 30.5 (M]

EFFECTIVE POROSITY: .3

LENGTH OF LINE SOURCE: 1 [M)

DISPERSIVITY IN X~-DIRECTION: 4 [M)

DISPERSIVITY IN Y-DIRECTION: 1.3 ([M]

DISPERSIVITY IN Z-DIRECTION: 1.3 [M]

VERTICAL POSITION OF SOURCE BENEATH SURFACE: 0 (M)

------------------------ SOURCE STRENGTH TABLE ======—-——cmcmcmcm e

NUMBER OF DATA PAIRS IN TABLE: 3

T(1)=0 SEC W(1l)= .2 CI/SEC
T( 2 )= 1 SEC W( 2 )= .2 CI/SEC
T( 3 )= 1.0001 SEC W(3)= o0 CI/SEC



INPUT DATA -CONTINUED~ ====—==s=e====o== PLUME - PAGE 2

AREA UNDER PULSE IN GRAPH (= TOTAL MASS RELEASE):

TIME CENTROID:

NUMBER OF DIVISIONS IN SOURCE PULSE:

CALCULATION TIME:

5.787326E-06 DAYS (=

9125 DAY

10

GRID DATA

.500025 SEC)

DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3

X-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

Y-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

ORIGIN OF GRID:
X-DIRECTION:
IN X-DIRECTION:

ORIGIN OF GRID:
Y-DIRECTION:
IN Y-DIRECTION:

0 [M)
10 (M]
20

0 [M)
10 (M)
10

.20001 CURIES

D D . — . — n — - — - — - ———— - -

hhkhkkhkkhkhkhkhkkhkhhkhkAhhkhkbhtitkt RESULTS **kkkkdkddhdddhhhhdhikddikiidkikkikkikikkkikkin

-.1000E+01
0.1315E-10
0.3206E-11
0.3058E-12
0.1143E-13
0.1784E-15
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.6308E-10
0.3940E-10
0.9603E-11
0.9160E-12
0.3424E-13
0.5342E-15
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

20

0.1391E-09
0.8690E~10
0.2118E-10
0.2020E-11
0.7551E-13
0.1178E-14
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

CONCENTRATION IN [CI/L]

30

0.2260E-09
0.1411E-09
0.3440E-10
0.3281E-11
0.1227E-12
0.1914E-14
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.2703E-09
0.1688E-09
0.4115E~10
0.3925E-11
0.1467E-12
0.2289E~-14
0.0000E+00
0.0000E+00
0.0000E+0Q0
0.0000E+00

0.2381E-09
0.1487E-09
0.3624E-10
0.3457E-11
0.1292E-12
0.2016E-14
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00



10
20
30
40
50
60
70
80
90

10
20
30
40
50
60
70
80
90

X=>

0.1544E-09
0.9644E-10
0.2351E-10
0.2242E-11
0.8380E-13
0.1308E-14
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

120

0.1861E~13
0.1163E-13
0.2834E-14
0.2703E-15
0.1010E-16
0.1576E-18
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

180

0.3689E-22
0.2304E-22
0.5616E-23
0.5357E-24
0.2002E-25
0.3124E-27
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

70

0.7375E~-10
0.4606E-10
0.1123E-10
0.1071E-11
0.4003E-13
0.6245E-15
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

130

0.1418E-14
0.8854E-15
0.2158E-15
0.2059E~-16
0.7694E-18
0.1201E-19
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

190

0.4481E-24
0.2799E-24
0.6821E-25
0.6507E-26
0.2432E~-27
0.3795E-29
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

80

0.2594E-10
0.1620E-10
0.3949E-11
0.3767E-12
0.1408E-13
0.2197E-15
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

140

0.7951E-16
0.4966E~-16
0.1210E-16
0.1155E-17
0.4315E-19
0.6733E-21
0.0000E+00
0.0000E+0O
0.0000E+00
0.0000E+00

90

0.6718E-11
0.4196E-11
0.1023E-11
0.9755E-13
0.3646E-14
0.5689E-16
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

150

0.3284E-17
0.2051E-17
0.4999E-18
0.4769E-19
0.1782E-20
0.2781E-22
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

100

0.1281E~11
0.8003E-12
0.1951E-12
0.1861E-13
0.6954E-15
0.1085E-16
0.0000E+0Q0
0.0000E+00
0.0000E+00
0.0000E+00

160

0.9987E~19
0.6238E~19
0.1520E~19
0.1450E-20
0.5421E-22
0.8458E~24
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
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110

0.1800E-12
0.1124E-12
0.2740E-13
0.2613E-14
0.9768E-16
0.1524E-~17
0.0000E+00
0.0000E+00
0.0000E+0O0
0.0000E+00

170

0.2237E-20
0.1397E-20
0.3405E-21
0.3248E-22
0.1214E-23
0.1894E-25
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

3



Ahkkhhkhkkkkhhhkhhhhkhhhhkhkhkhkdr PLUME *hkkhkhhhhkkhrkkkhkhkhhkxkkkknk® PAGE 1

CALCULATION OF CONCENTRATION VALUES FOR A SINGLE RADIOACTIVE
OR NON-RADIOACTIVE TRACER IN A HOMOGENEOUS TWO- OR THREE-
DIMENSIONAL GROUND WATER SYSTEM WITH UNI-LATERAL REGIONAL FLOW

Ikhkh kR A RRRRRRRRRRNRRRNN R RN, TNPUT DATA RAAAhhhhkhhkhkhhhhhhhkhkhhkkhkhd ks
AVERAGE INTERSTITIAL VELOCITY: 2.02 [M/DAY]

HALF LIFE TIME: 1E+09 YRS
RETARDATION FACTOR: 151

AQUIFER THICKNESS: 30.5 [M]

EFFECTIVE POROSITY: .3
LENGTH OF LINE SOURCE: 1 ([M]

DISPERSIVITY IN X~-DIRECTION: 12 [M]

DISPERSIVITY IN Y-DIRECTION: 4 (M] !

DISPERSIVITY IN Z~-DIRECTION: 4 ([M)

VERTICAL POSITION OF SOURCE BENEATH SURFACE: 0 [M]

------------------------ SOURCE STRENGTH TABLE =====-==mmeememmemmcemooe
NUMBER OF DATA PAIRS IN TABLE: 3

T(1)=0 SEC W(1l)= .2 CI/SEC ;
T( 2 Y= 1 SEC W( 2 )= 2 CI/SEC
T( 3 )= 1.0001 SEC W(3)= 0 CI/SEC



INPUT DATA -CONTINUED~ ===v—-—-—c=~==c-=<-= PLUME - PAGE 2

AREA UNDER PULSE IN GRAPH (= TOTAL MASS RELEASE):
TIME CENTROID: 5.787326E-06 DAYS (= .500025 SEC)

.20001 CURIES

NUMBER OF DIVISIONS IN SOURCE PULSE: 10

CALCULATION TIME: 9125 DAY

------------------------------- GRID DATA ===——=m—mm——e— e meeme e
DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3 (M)
X-COORDINATE OF ORIGIN OF GRID: 0 [M)

GRID SPACING IN X-DIRECTION: 10 (M)

NUMBER OF NODES IN X-DIRECTION: 20

Y-COORDINATE OF ORIGIN OF GRID: 0 (M)

GRID SPACING IN Y-DIRECTION: 10 [M]

NUMBER OF NODES IN Y-DIRECTION: 10

khkkkkkkkhkkkkhkhkhkkhkkkkkkkk RESULTS kkkkkhkhhhkkkkkhhhkhhkkkkhkhkhkhkkhkkkhdkkkkkkkk

CONCENTRATION IN [(CI/L]

0 10 20 30 40 50

Y

0] -.1000E+01 0.1561E-11 0.2250E-11 0.3134E-11 0.4218E-11 0.5487E-11
10 0.9939E~12 0.1482E-11 0.2136E-11 0.2975E-11 0.4005E-11 0.5210E-11
20 0.8527E-12 0.1271E-11 0.1832E-11 0.2552E-11 0.3436E-11 0.446%E-11
30 0.6601E-12 0.9844E-12 0.1419E-11 0.1976E~-11] 0.2660E-~11 0.3460E-11
40 0.4612E-12 0.6878E-12 0.9912E-12 0.1381E-11 0.1858E-11 0.2418E-11
50 0.2909E-12 0.4337E-12 0.6251E~12 0.8706E-12 0.1172E-11 0.1525E-11
60 0.1656E-12 0.2470E~12 0.3559E-12 0,4957E-12 0.6673E-12 0.8681E-12
70 0.8515E~13 0.1270E-12 0.1820E-12 0.2549E-12 0.3431E-12 0.4463E-12
80 0.3953E~-13 0.5895E-13 0.8496E~13 0.1183E-12 0.1593E-12 0.2072E-12
90 0.1657E~13 0.2472E-13 0.35622-13 0.4961E-13 0.6678E-13 0.8688E-13



- TID . VI D S D T - -

10
20
30
40
50
60
70
80
90

10
20
30
40
50
60
70
80
920

X=->

0.6899E~-11
0.6550E-11
0.5619E~-11
0.4350E-11
0.3039E-11
0.1917E-11
0.1091E-11
0.5611E-12
0.2605E~-12
0.1092E-12

120

0.1331E-10
0.1263E-10
0.1084E-10
0.8390E-11
0.5862E-11
0.3697E-11
0.2105E-11
0.1082E-11
0.5024E-12
0.2107E-12

180

0.7509E-11
0.7130E-11
0.6116E~-11
0.4735E-11
0.3308E-11
0.2086E-11
0.1188E-11
0.6108E-12
0.2836E-12
0.1189E~-12

70

0.8383E-11
0.7959E-11
0.6828E-11
0.5286E-11
0.3693E-11
0.2329E-11
0.1326E-11
0.6818E-12
0.3165E-12
0.1327E-12

130

0.1317E-10
0.1251E-10
0.1073E-10
0.8307E-11
0.5804E-11
0.3660E-11
0.2084E-11
0.1071E-11
0.4974E-12
0.2086E-12

190

0.6058E-11
0.5751E-11
0.4934E~-11
0.3820E-11
0.2669E~-11
0.1683E-11
0.9583E-12
0.4927E-12
0.2288E-12
0.9591E-13

80

0.9844E~11
0.9346E-11
0.8018E~-11
0.6207E-11
0.4337E~-11
0.2735E-11
0.1557E~-11
0.8007E~-12
0.3717E-12
0.1558E~12

140

0.1260E~10
0.1197E-10
0.1027E-~10
0.7948E-11
0.5553E~11
0.3502E~-11
0.1994E-11
0.1025E-11
0.4760E-12
0.1996E~12

90

0.1117E-10
0.1061E-10
0.9099E-11
0.7045E-11
0.4922E-11
0.3104E-11
0.1767E-11
0.9087E~12
0.4219E-12
0.1769E-12

150

0.1166E~-10
0.1107E-10
0.9493E-11
0.7350E-11
0.5135E-11
0.3238E~11
0.1844E-11
0.9480E-12
0.4401E-12
0.1845E-12

100

0.1225E-10
0.1163E-10
0.9980E-11
0.7727E-11
0.5398E~-11
0.3404E-11
0.1938E-11
0.9966E~-12
0.4627E-12
0.1940E~-12

160

0.1042E-10
0.9889E~11
0.8484E-11
0.6568E~-11
0.4589E~11
0.2894E~11
0.1648E~11
0.8472E~12
0.3933E-12
0.1649E~-12
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0.1299E-10
0.1233E-10
0.1058E-10
0.8190E-11
0.5722E-11
0.3609E-11
0.2055E~11
0.1056E-11
0.4904E-12
0.2056E-12

170

0.8996E-11
0.8541E-11
0.7327E-11
0.5673E-11
0.3963E-11
0.2500E-11
0.1423E-11
0.7317E-12
0.3397E-12
0.1424E~12

3
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————————————————————————————————— e - D - . - e . e . .

CALCULATION TIME:

9125 DAY

GRID DATA

DEPTH OF (HORIZONTAL) GRID BENEATH SURFACE (= Z-POSITION): 3

X-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

Y-COORDINATE OF
GRID SPACING IN
NUMBER OF NODES

ORIGIN OF GRID:
X-DIRECTION:
IN X-DIRECTION:

ORIGIN OF GRID:
Y-DIRECTION:
IN Y-DIRECTION:

0 (M)
20 [M]
20

0 [M]
20 [M]
10

PLUME - PAGE 4

Rhkkkhkhkhkhkkhkhkhkkhkhkhkkkkkhkkhkhkkd RESULTS *hkkkkkbhhhhkhkhkhhhkkikrhhkhhhhhhkhkhhkhkkkkk

-.1000E+01
0.8527E-12
0.4612E-12
0.1656E~-12
0.3953E~13
0.6275E-14
0.6620E-15
0.4641E-16
0.2443E-17
0.000Q0E+00

0.2250E-11
0.1832E-11
0.9912E-12
0.3559E-12
0.8496E-13
0.1349E-13
0.1423E-14
0.9974E~-16
0.5250E-17
0.0000E+00

40

0.4218E-11
0.3436E-11
0.1858E-11
0.6673E-12
0.1593E-12
0.2529E-13
0.2667E-14
0.1870E-15
0.9842E-17
0.0000E+00

CONCENTRATION IN (CI/L]

60

0.6899E-11
0.5619E~-11
0.3039E-11
0.1091E-11
0.2605E-12
0.4136E-13
0.4363E-14
0.3059E~15
0.1610E-16
0.0000E+00

0.9844E-11
0.8018E-11
0.4337E-11
0.1557E-11
0.3717E-12
0.5901E~13
0.6225E~14
0.4364E-15
0.2297E-16
0.0000E+00

0.1225E-10
0.9980E-11
0.5398E-11
0.1938E~-11
0.4627E-12
0.7345E-13
0.7748E-14
0.5432E-15
0.2859E-16
0.0000E+00
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PLUME - PAGE 5

X-> 120 140 160 180 200 220
Y
0 0.1331E-10 0.1260E-10 0.1042E-10 0.7509E-11] 0.4723E-11 0.2591E-11
20 0.1084E-10 0.1027E-10 0.8484E-11 0.6116E-11 0.3847E-11 0.2111E-11
40 0.5862E-11 0.5553E-11 0.4589E-11 0.3308E-11 0.2081E-11 0.1142E-11l
60 0.2105E-11 0.1994E-11 0.1648E-11 0,1188E-11 0.7471E-12 0.4099E-12
80 0.5024E-12 0.4760E-12 0.3933E-12 0.2836E-12 0.1783E-12 0.9785E-13
100 0.7976E-13 0.7556E-13 0.6244E-13 0.4501E-13 0.2831E-13 0.1553E-13
120 0.8414E-14 0.7970E-14 0.6587E-14 0.4749E-14 0.2986E-14 0.1639E-14
140 0.5899E-15 0.5588E~15 0.4618E-15 0.3329E-15 0.2094E-15 0.1149E-15
160 0.3105E-16 0.2941E-16 0.2430E-16 0.1752E-16 0.1102E-16 0.6046E-17
180 0.0000E+00 0.0000E+00 0.000OE+00 0.0000E+00 O0.0000E+00 0.0000E+00
X=> 240 260 280 300 320 340
Y
0 0.1240E-11 0.5179E-12 0.1886E-12 0.5995E-13 0.1662E-13 0.4019E~14
20 0.1010E-11 0.4218E-12 0.1536E-12 0.4883E-13 0.1354E-13 0.3273E-14
40 0.5464E-12 0.2282E-12 0.8311E-13 0.2641E-13 0.7321E-14 0.1771E-14
60 0.1962E~-12 0.8193E-~13 0.2984E-13 0.9483E-14 0.2629E-14 0.6358E-15
80 0.4683E~13 0.1956E-13 0.7123E-14 0.2264E-14 0.6275E-15 0.1518E-15
100 0.7435E~14 0.3104E-14 0.1131E~14 0.3593E-15 0.9962E-16 0.2409E-16
120 0.7843E~15 0.3275E-15 0.1193E-15 0.3791E-16 0.1051E-16 0.2541E-17
140 0.5499E-16 0.2296E-16 0.8363E~17 0.2658E-17 0.7368E-18 0.1782E-18
160 0.2894E-17 0.1208E-17 0.4402E-18 0.1399E-18 0.3878E-19 0.9378E-20
180 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
X=-> 360 380
Y
0 0.8479E-15 0.1561E-15
20 0.6906E~15 0.1271E-15
40 0.3736E-15 0.6875E~16
60 0.1341E-15 0.2469E-16
80 0.3202E-16 0.5893E-17
100 0.5083E~17 0.9355E-18
120 0.5362E~18 0.9868E-19
140 0.3759E-19 0.6919E-20
160 0.1978E-20 0.3641E-21
180 0.0000E+00 0.0000E+00

~



APPENDIX B

DETECTION PROBABILITIES



Table B-1

Detection probabilities for tritium after 100 days, DY = (1/3) D,, source activity equals 0.3 Ci

Borehole/
Monitoring
Well
Number

Bl $

B2

B3

B4

BS

B6

B7

B8

MW-1
MW-11

MW-8

MW-24

MW-10

MW-7

MW-6

MW-18

MW-23

MW-19

P(detection by
at least one
of the boreholes)

P(detection by

at least one

of the monitoring
wells)

Note: activity (0,0) set equal to activity at (10,0).

Source = 0.3 CI

Detection
Probability

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1100
0.0806
0.1026 —

0.0000

0.2657



Table B-2

Detection probabilities for Cs-137 after 130 years, source activity equals 10 Ci

Borehole/ DY = (1/3) D, Dy = (1/10) D,
Monitoring
Well Detection Detection
Number Probability Probability
Bl 0.0244 0.0320
B2 0.0465 0.0596
B3 0.0484 0.0619
B4 0.0489 0.0629
B5 0.0380 0.0450
B6 0.0000 0.0000
B7 0.0000 0.0000
B8 0.0000 0.0000
MW-1 0.0000 0.0000
MW-11 0.0497 0.0642
MW-8 0.0000 0.0000
MW-24 0.0000 0.0000
MW-10 0.0000 0.0000
MW-7 0.0484 0.0150
MW-6 0.0000 0.0000
MW-18 0.0000 0.0000
MW-23 0.0000 0.0000
MW-19 0.0000 0.0000

P(detection by
at least one 0.1901 0.2358
of the boreholes)

P(detection by

at least one 0.0957 0.0782
of the monitoring

wells)

Note: activity (0,0) set equal to activity at (10,0).

B-2



Table B-3

Detection probabilities for U-234/238 at 0.2 Ci Dy =(1/3) D,,

Borehole/ 1ume = 10 yrs Time = 25 yrs
Monitoring
Well Detection Detection
Number Probability Probability
Bl 0.0519 0.0000
B2 0.0982 0.0000
B3 0.1037 0.0000
B4 0.1009 0.0000

BS 0.0658 - 0.0000
B6 0.0000 0.0000
B7 0.0000 0.0000
B8 0.0000 _ 0.0000
MWw-1 0.0313 0.0000
MW-11 0.1010 0.0000
MWwW-8 0.0000 0.0000
MW-24 0.0000 0.0000
MW-10 0.0000 0.0000
MwW-17 0.0484 0.0484
MW-6 0.0000 0.0000
MW-18 0.0000 0.0321
MWw-23 0.0000 0.0000
MW-19 0.0000 0.0283

P(detection by
at least one . 0.3563 0.0000
of the boreholes)

P(detection by .

at least one 0.1713 0.1050
of the monitoring

wells)

Note: activity (0,0) set equal to activity at (10,0).

B-3



APPENDIX C

GLOSSARY



Activity -

Cation Exchange -
Capacity

Curie (Ci) -

Dispersion -

Half-life -

Hydraulic -
Conductivity

Hydraulic -
Gradient

[sotopes -

Isotropic -

Porosity -

GLOSSARY

The number of nuclear transformations occurring in a given quantity of
material per unit time.

The amount of cations that a unit mass of soil can adsorb from
solution.

A unit of activity. One curie equals 3.% x 10'® nuclear transformations per
second. One picocurie equals 3.7 x 107 nuclear transformations per
second.

The spreading and mixing of chemical constituents in groundwater caused
by diffusion and mixing due to microscopic variations in velocities within
and between pores.

The time required for a radioactive substance to lose 50 percent (one-
half) of its activity by decay.

The rate of flow of water in gallons per day through a cross section of one
square foot under a unit hydraulic gradient. In the SI System, the units are
/day/m or m/day.

The rate of change in total head per unit of distance of flow in a given
direction.

Atomic nuclides having the same number or protons in their nuclei, and
hence the same atomic number, but differing in the number of neutrons,
the therefore, in mass number. Different isotopes of the same element
have almost identical chemical properties.

Refers to a medium whose properties are the same in all directions.

The percentage of the bulk volume of a rock or soil that is occupied by
interstices, whether isolated or connected.



